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Preface 


The  purpose  of  this  study  w as  to  analyze  the  operational  suit¬ 
ability  of  the  Common  Strategic  kotary  Launchec  (CSIL).  fhi3  was 
accomplished  by  developing  a  simulation  model  of  the  CSIL  that  measured 
availability  and  sortie  generation  time.  The  model  will  be  used  by 
AFOTEC  to  analyze  the  data  obtained  daring  the  test  program.  SAC,  tne 
ultimata  user  of  the  model,  can  also  use  the  nodel  to  experiment  with 
different  management  policies  before  and  after  the  system  becomes  fully 
operational. 

The  model  was  used  to  determine  the  effect  of  several  variables  on 
availability  and  sortie  generation  time.  Specifically,  the  modal  was 
used  to  answer  the  following  research  questions: 

1.  What  is  the  expected  availability  of  the  CSkL  when  used  on  the 
B-52  and  when  used  on  the  3-1  aircraft? 

2.  how  much  affect  does  the  number  of  load  crews,  number  of 

munitions  lift  trailers  (iLTs),  level  of  repair,  and  frequency  of 
launcher  inspections  have  on  sortie  generation  time? 

3.  how  much  effect  does  the  frequency  of  launcher  inspections  have 
on  availability? 

We  wish  to  acknowledge  those  people  that  have  provided  us  with 

guidance  and  assistance  in  preparing  this  thesis.  First,  a  word  of 

thanks  to  our  advisors,  Lieutenant  Colonel  Charles  2.  Coaling  and  'lajor 

James  K.  Feldman  and  also  to  Lieutenant  Colonel  Joseph  if.  Coleman.  Je 
would  also  like  to  tnank  our  sponsors  at  AFOTEC,  dajor  3urton  dclenzie, 
Captains  Fred  dulem,  licnard  Price,  and  Chuck  w'olfa  wno  were  very 
helpful.  Finally,  loxann  would  ilka  to  thank  her  husband  Jean  for  his 
patience  and  understanding  throughout  the  whole  effort. 

Sarah  J .  3 jers  tad 
loxann  \.  Oyler 


ii 


L 


n 

m 


i 


Taole  of  Contents 


Page 


Preface  . U 

List  of  Figures  . v 

List  of  Tables  .  vil 

Symbols  and  Abbreviations... .  viii 

Abstract  .  < 

I.  Introduction  .  1 

Background  . . . 1 

Thesis  Objective  .  i 

Research  Questions  .  4 

Overview  . 5 

II.  Operational  Background  . 6 

CS!1L  Description  . 6 

Support  Equipment  .  6 

Ia3t  Equipment  .  3 

Operational  Environment  .  3 

Annual  Inspections  .  9 

Alert  Status  .  10 

Sortie  Generation  Exercise  .  10 

III.  Variables  in  tne  Analysis  .  11 

IV.  Model  .  15 

SLAM  'Background  .  15 

Model  Overview  .  15 

Narrative  Description  . .  17 

Assumptions  . 23 

Flexiollity  .  29 

Data  .  31 

Verification  and  Validation  . 31 

Verification  .  12 

Validation  .  32 


wf  ini*i  nHmmAm 


V. 


Analysis  and  Results 


Research  Design  . 

Structural  Model  . 

Initial  Run  . 

Fractional  Factorial  . 

Results . 

Regression  Analysis . 

Avallablll ty . 

Generation  Tine..... . 

VI.  Conclusions  and  Recommendations  . 

Conclusions . 

Racommsnda tions  for  Future  Analysis 


Appendix  A: 
Appendix  8: 
Appendix  C: 
Appendix  Q: 
Appendix  2: 


Slam  MetJork  Symbols  . 

CSRL  Model  and  Output 

Input  Data  . 

Experimental  Design . . 

BMJP  and  SPSS  Input/Output 


Bibliography 
Vi  ta  . 


Sarah  J.  Gjerstad 
Roxana  A.  Oyler  . 


■  •  •<!<-»/ 


List  of  Figures 

Figure  Page 

1.  Diagram  of  the  CSRL  .  7 

2.  CSRL  Operational  Environment  .  3 

3.  Flowchart  for  Main  Program,  Initialization  and  Assignment..  19 

4 .  Flowchart  for  Mala  Program,  Event  scheduling  .  20 

5.  Flowchart  for  Generation  (GEM)  Subroutine  .  23 

6.  Flowcliart  for  Annual  Launcher  Inspection  (ALI)  Subroutine..  23 

7.  Flowchart  for  Exchange  (EXCHG)  Subroutine  .  27 

3.  35  Hour  GENTIM  Contour  Map  . .  44 

9.  35  Hour  Coatojr  Map  at  MT3F  =  .3  .  44 

B.l  Repair  Network  (1  of  3)  .  70 

3.2  Repair  Network  (2  of  3)  . .  71 

B.3  Repair  Network  (3  of  3)  .  72 

B.4  Repair  Network  (4  of  3)  .  73 

3.5  Repair  Network  (5  of  3)  . 74 

3.6  Repair  Network  (6  of  3)  . 75 

3.7  Repair  Network  (7  of  3)  .  75 

3.3  Repair  Network  (3  of  3)  .  77 

3.9  Missile  Exchange  Networx  (1  of  2)  .  73 

3.10  Missile  Exchange  Network  (2  of  2)  .  7  9 

3.11  Generation  (GEN)  Network  (1  of  3)  .  30 

3.12  Generation  (GEN)  Network  (2  of  ))  .  31 

3.13  Generation  (GEN)  Network  (3  of  3)  .  32 

3.14  Post  Generation  (PSCG)  Metwocx  .  33 

3.15  Annual  Launcher  Inspection  (ALI)  Network  (I  of  3)  .  34 

3.16  Annual  Launcher  Insoectlon  (ALI)  Network  (2  of  J)  .  35 


V 


Figure 


Page 


B.17  Annual  Launcher  Inspection  (ALI)  Network  (3  of  3)  .  36 

B.  13  Shift  ( SHPT)  Me  twork.  .  37 


List  of  Tables 


Table 

1.  Variables  Used  la  Model  . 

2.  Calculations  for  'lumber  of  Observations  . 

3.  Effects  of  Unit  Changes  in  Input  Levels  . 

4.  Effects  of  Potential  Changes  in  Input  Levels  ... 

5.  Combinations  fielding  a  35  .lour  OEM  TIM  (MIBFa.3) 

4.1  SLAM  MetworK  Symbols  . 

C.  1  "HBF  by  Subsystem  . . 

C.2  Activities  Table  . 

C.3  Condition  Cable  . 


D.l  "actors  Used  in  Factorial  Design 
0.2  Fractional  Factorial  Design  _ 


Symbols  a ad  Abbrevia  tions 

1.  AFLC  -  Air  Force  Logistics  Command 

2.  AFOTEC  -  Air  Force  Opera tlonal  Test  aad  Evaluation  Cente 

3.  AF3C  -  Air  Force  Systems  Command 
ALCM  -  Air  Launched  Grulsa  Missile 

5.  ALL  -  Annual  Launcher  Inspection  (subroutine  In  program) 

6.  ALT  -  Alert  (subroutine  In  program) 

7.  AVAIL  -  Availability  (variable  used  in  program) 

3.  CH£  -  Check  (term  used  in  program) 

9.  CSilL  -  Common  Strategic  lotary  Launcher 

10.  DF  -  Degrees  of  Freedom 

11.  ESTS  -  Electronic  System  Test  Set 

12.  EXCHG  -  Exchange  (subroutine  in  program) 

13.  FHC  -  Fully  Mission  Capable 

14.  SEN'  -  Generation  (suoroutine  in  program) 

15.  SEN^PT  -  Generation  .leport  (subroutine  In  program) 

16.  SEN r I. 4  -  veneration  Time  (variable  used  in  program) 

17.  IMF  -  Intermediate  Maintenance  Facility 
13.  HSP  -  Inspection 

19.  INTLC  -  initialize  (subroutine  in  program) 

20.  LCOM  -  Logistics  Composite  Model 

21.  MLT  -  Munitions  Lift  rcailer 

2  2.  MT3F  -  Mean  lima  Me  tween  Filiure 

23.  DINS 2  -  Dll  Inspection  (subroutine  in  program) 

24.  orSE  -  Operational  Test  and  Evaluation 

25.  ?DU  -  Power  Drive  Unit  (component  on  SSAL) 

26.  PMC  -  Partially  Mission  Capaole 


\Fir/GOA/OS/34D-5 


Ads  ttac t 

J  Tha  Con, non  Strategic  Notary  Launcher  (CSRL)  is  a  multipurpose 
launcher  that  will  be  used  on  the  3-52  and  3-1  aircraft.  This  -s-kady 

develops  a/ (SLAM  1  Simula  ti  on  nodal  of  tha  CSRL  and  uses  two  measures  ot 

/  ' 

effectiveness,  availability  and  sortia  generation  tine,  to  determine  the 
operational  suitability  of  the  CSRL.  Analysis  of  variance  and  regres¬ 
sion  analysis  were  used  to  determine  what  affect  the  number  of  toad 
crews,  the  number  of  munitions  lift  trailers,  the  frequency  of  launcher 
Inspections,  and  the  level  of  repair  have  on  the  sortie  generation  time. 
The  repair  concept  for  the  launcher  was  used  as  a  baseline.  The 

results  of  this  study  indicate  that  a  unit  increase  in  the  number  of 

load  crews  (crews  range  from  3  to  12)  would  decrease  tha  generation  time 

A  I,  C  K,- 

1-5X;  3n  increase  in  the  number  of  Htf s-  would  not  significantly  decrease 
the  generation  time;  increasing  the  frequency  of  inspections  from  once  a 
year  to  twice  a  year  wo'uld  decrease  the  time  by  3- 52;  and  allowing 
flight  line  repair  and  exchange  of  failed  missiles  would  decrease  the 
tine  by  2-a’£.  These  results  have  seen  grapnically  represented  In  a 
contour  map  which  shows  the  various  comolnatlons  of  tha  above  factors 
which  are  needed  to  achieve  a  specific  generation  tine.  This  study  also 
determined  what  effect  tne  frequency  of  launcnar  Inspections  n3d  on 
availability.  fhe  results  indicate  that  frequency  of  Inspections  does 
have  a  small  effect  on  the  availability  of  the  CSRL;  Increasing  the 
frequency  from  once  a  year  to  twice  a  year  Increases  the  average  percen¬ 
tage  of  available  launchecs  by  less  than  27, . 
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A  SIMULATION)  MODEL  OF  TIE  COMMON  STRATEGIC  ROTARY  LAUNCHER 
FOR  AVAILABILITY  PROJECTIONS 


I.  Introduction 


Background 

Tne  Aircraft  Logistics  Analysis  Branch  at  the  Air  Force  Operational 
Test  and  Evaluation  Center  (AF0TEC/L3AA)  is  updating  the  Logistics 
Composite  Model  simulation  of  the  B-l  strategic  bomDer  which  will  be 
used  to  derive  Sortie  Generation  Rate  (SGR)  and  the  Fully  Mission 
Capable  (F‘1C)  rates  as  part  of  the  B-l  testing  effort.  The  Common 
Strategic  Rotary  Launcher  (CSRL)  is  a  separate  subsystem  which  will  be 
used  on  the  B-52  and  the  B-l  aircraft  and  will  impact  the  SGR  and  FMC 
rates.  AFOTEC/LG4A  has  requested  the  development  of  a  simulation  model 
for  the  CSRL  that  can  be  used  to  derive  CSRL  availability  values  as  an 
input  to  the  B-l  LCOM  simulation  model. 


Thesis  Objective 


The  objective  of  this  thesis  is  to  analyze  the  operational 
suitability  of  the  Common  Strategic  Rotary  Launcher  (CSRL),  a  vital 
subsystem  to  be  used  on  the  3-52  and  the  3-1  aircraft.  This  will  be 
accomplished  by  developing  and  implementing  a  computer  simulation  model 
for  the  CSRL. 

Tne  primary  measure  of  operational  suitability  Is  availability. 
According  to  AFR  300-1 3 ,  "availability  is  3  measure  of  the  degree  to 
which  an  item  is  In  an  operational  and  comni table  state  when  the  mission 
Is  called  for  at  a  random  point  In  time."  "or  the  CSRL  tnls  definition 
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of  availability  was  translated  into  a  more  specific  measure  of  merit. 
For  our  model,  availability  is  the  percentage  of  the  total  launchers 
that  are  In  working  order.  If  a  launcher  has  failed  in  storage,  it  is 
.tot  available,  even  though  the  failure  has  not  yet  bean  detected  (either 
through  annual  inspections  or  sortie  generation  exercises). 

According  to  the  test  program  outline  (1:7),  one  of  the  crit¬ 
ical  operational  Issues  for  or&E  is  the  carrier  aircraft  sortie  gener- 
a  tlon: 

"the  carrier  aircraft  sortie  generation  capability  is  highly 
dependent  on  the  operational  suitability  of  the  CSR.L.  The 
ability  to  generate  a  sortie  within  the  time  specified  [by  SAC] 
will  directly  affect  [SAC's]  ability  to  meet  wartime  missions". 

To  evaluate  the  ability  to  meet  wartime  missions  a  second  measure  of 

merit  has  been  defined.  Sortie  generation  time  is  the  time  required  to 

get  all  aircraft  ready  to  launch.  The  sortie  generation  time  is  a 

function  of  availability,  but  it  is  also  a  function  of  the  number  of 

crews,  support  equipment,  level  of  repair,  load  times  and  repair  times. 

It  not  only  measures  how  many  launchers  are  available,  but  how  long  it 

takes  to  get  tne  launchers  in  a  usable  condition  (l.e.  loaded  onto  an 

alrcraf  t) . 

Evaluating  availability  and  generation  time  can  be  accomplished  by 
developing  and  executing  a  simulation  model  of  the  CSkL  system  using 
Simulation  Language  for  Alternative  ModeLing  (SLAM) .  3oth  quantities 
are  measured  at  random  points  in  time  in  the  model  and  satisfy  the 
AF0T5C  requirements. 

A  wing  of  16  aircraft  Ls  modeled  over  one  year  using  a  scenario 
specified  by  \FOTEC.  The  maintenance  for  the  CSkL  is  modeled  in  a  way 
similar  to  the  concept  for  the  Short-Eange  Attactc  Missile  (SIAM)  rotary 
launcher.  Existing  SIAM  support  concepts  and  resource  requirements 


served  as  a  baseline  for  modeLing  the  CSRL.  The  CSRL  is  modeled  for  use 
on  the  B-52  aircraft.  however,  the  only  changes  for  analysis  with  the 
B-l  are  with  two  components;  the  power  drive  unit  and  the  power  drive 
unit  controller  are  considered  part  of  the  B-l  aircraft  system,  rather 
than  the  CSRL. 

In  addition  to  the  analysis  performed  in  this  thesis,  the  CSRL 
model  was  developed  so  that  it  could  be  used  by  both  AFOTEC  and  SAC  for 
future  analysis. 

Currently  AFOTEC  uses  simulation  models  to  analyze  the  dat3 
obtained  during  the  test  program.  This  model  was  designed  to  use  the 
outputs  from  the  test  program  (as  defined  in  the  draft  test  plan)  as 
Inputs  to  the  model.  Normally,  AFSC  develops  the  model  and  AFOTEC 
receives  it  sometime  during  the  test  program.  By  having  the  CSRL  system 
modeled  prior  to  the  start  of  the  test  program  AFOTEC  can  exercise  the 
modal  to  Identify  critical  areas  of  performance  before  tasting  begins. 
This  will  signal  areas  that  AFOTEC  should  fully  evaluate  during  testing 
so  that  any  deficiencies  can  be  corrected  before  the  system  is 
Implemented.  If  necessary,  AFOTEC  can  modify  the  test  plan  based  on  the 
Impacts  predicted  by  the  model. 

SAC  can  usa  the  modal  to  experiment  with  different  management 
policies  before  3nd  after  the  system  becomes  fully  operational.  This 
should  ba  an  iterative  process.  As  more  data  becomes  available,  the 
model  can  be  updated. 

And  finally,  the  availability  measures  derived  from  the  CSRL  model 
can  be  used  as  inputs  to  the  3-52  3nd  B-l  Logistics  Composite  Model?  to 
evaluate  the  operational  readiness  of  tnose  systems. 
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Research  Questions 


The  effects  of  several  controllable  variables  on  availability  and 
aircraft  generation  tine  were  evaluated  while  simultaneously  considering 
the  effects  of  several  estimated  reliability  and  maintainability 
parameters.  Specifically,  the  analysis  focused  on  how  the  number  of 
load  crews,  the  number  of  munitions  lift  trailers  (MLTs),  the  level  of 
repair  (2-level  vs.  3-level),  and  the  frequency  of  launcher  inspections 
affects  the  measures  of  operational  suitability.  Since  there  are  many 
reliability  and  maintainability  parameters  whlcn  are  estimated  and  which 
could  affect  the  results  of  the  analysis,  these  parameters  were  Included 
at  various  levels.  These  parameters  include  failure  rates,  load  time 
for  the  launcher,  time  to  exchange  a  missile,  and  remove  and  replace 
times  for  the  relay  assembly  and  missile  interface  unit.  The  rationale 
for  choosing  these  factors  is  detailed  in  Chapter  III. 

The  specific  questions  to  be  answered  in  this  research  are: 

1)  What  is  the  expected  availability  of  the  CSRL  when  used  on  the 
3-52  aircraft;  wnen  used  on  the  B-l  aircraft? 

2)  What  Is  the  sortie  generation  time  when  used  on  the  3-52;  when 
used  on  the  B-l? 

3)  low  much  effect  does  the  number  of  load  crews  have  on  the 
generation  tine? 

4)  low  nuch  affect  does  the  lumber  of  .'tLTs  have  on  the  generation 

time? 

5)  How  much  effect  does  the  level  of  repair  have  on  the  generation 

time? 

5)  low  much  effect  does  the  frequency  of  launcher  Inspections  have 
on  the  generation  time? 

7)  low  much  effect  does  the  frequency  of  launcher  Inspections  have 
on  the  availability? 


Overview 


The  remainder  of  this  thesis  consists  of  five  chapters.  Chapter  II 
gives  some  background  information  on  the  CSRL  and  discusses  in  detail 
the  operational  environment  simulated  in  this  research  effort.  \lso 
included  in  this  chapter  are  a  description  of  the  support  and  test 
equipment  critical  to  the  CS&L.  This  chapter  does  not  try  to  tie  the 
operational  environment  to  the  model,  this  is  reserved  for  Chapter  IV. 

Chapter  III  discusses  the  rationale  for  choosing  the  research 
questions.  It  also  discusses  some  factors  which  may  affect  availability 
and  generation  time,  but  were  not  included  in  this  stjdy. 

Chapter  IV  describes  the  model  developed  for  the  CSkL,  the 
assumptions  made  in  the  modal,  the  flexibility  of  the  model,  and  the 
data  sources.  It  also  discusses  the  steps  taken  to  verify  and  validate 
the  SIAM  model  and  the  computer  results. 

The  analysis  and  results  chapter,  Chapter  V,  describes  the  research 
designs  which  were  used  in  the  simulation  and  the  statistical  results. 

The  final  chapter  .  discusses  the  conclusions  reached  during  the 
course  of  this  research  and  the  recommendations  for  future  analysis. 
The  first  section  of  this  chapter  reports  the  significant  results  ob¬ 
tained  from  Chapter  V.  The  recommendation  section  shows  how  the  CS*l 
model  can  be  further  developed  to  analyze  other  factors  affecting  avail¬ 
ability  when  the  appropriate  data  becomes  available. 
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II.  Opera tional  Background 

This  chapter  gives  a  brief  description  of  the  CSRL  operational 
environment.  There  are  three  major  events  that  affect  the  CSRL:  annual 
Inspections,  alert  status,  and  sortie  generation  exercises.  These  three 
events  as  well  as  the  support  and  test  equipment  that  are  expected  to  be 
limiting  factors  in  the  availability  of  t'ne  CSRL  are  described. 

CSRL  Description 

The  Common  Strategic  Rotary  Launcher  (CSRL)  is  a  multipurpose 
launcher  that  accommodates  current  and  projected  cruise  missiles,  short- 
range  attack  missiles,  and  gravity  weapons.  The  CSRL  will  be  compatible 
with  three  distinct  strategic  bomber  airframes:  B-52,  B-1B,  and  ad¬ 

vanced  technology  bomber.  The  CSRL  has  eight  weapon  stations  that  can 
carry  any  certified  weapon.  This  allows  uniform  loads  of  any  weapon  as 
well  as  unrestricted  mixed  loads.  (13:1) 

The  CSRL  consists. of  a  launcher  shaft,  forward  and  aft  launcher 
suppoct  fittings,  weapon  ejector  assemblies,  and  avionics  components. 
The  CSRL  Interfaces  with  the  aircraft  electrical,  hydraulic, 
environmental,  avionics,  and  weapons  control  and  monitor  systems.  \ 
diagram  of  the  CSRL  Is  shown  In  figure  1.  (13:1) 

Suopor t  Equipment.  The  CSRL  Is  over  22  feet  long  and  when  loaded 
with  3  \LC'1  mtssLles  It  weighs  25,300  pounds.  The  launcher  requires 

sona  massive  and  expensive  support  equipment  to  transport  it. 


ft 


Figure  1.  Diagram  of  the  CSRL 


Among  support  equipment,  the  munitions  lift  trailer  (MLT),  due  to 
its  low  reliability,  is  currently  the  biggest  constraint  when  loading 
the  pylons.  A  modified  MLf  is  planned  for  use  with  the  CSRL. 

Test  Equipment.  The  launcher,  along  with  the  pylons  and  missiles, 
are  tested  with  the  Electronic  Systems  Test  Set  (ESTS).  Each  wing  has 
three  SSTSs  and  each  one  Is  wired  to  test  two  of  the  three  types  of 
equipment.  Each  type  of  equipment  has  a  primary  ESTS  and  a  backup  ESTS. 

Opera tlonal  Environment 

Figure  2  shows  a  picture  of  the  operational  environment  of  the 

CSRL. 


Figure  2.  CSRL  Operational  Environment  (3:45) 


UnllKe  other  subsystems  on  the  3-52  or  3-1,  the  CS*L  will  not  be 
operated  or  flown  during  peacetime  ooeratlons.  Tne  launchers  remain 
fully  loaded  In  the  weapon  storage  area  (WSA)  untlL  removed  for  one  of 
the  following  three  reasons: 

1)  annual  Inspection, 

2)  uploaded  to  an  alert  aircraft, 

3)  sortie  generation  exercises. 

Each  of  the  activities  13  further  described  below  with  the  approxi¬ 
mate  length  of  the  event  Indicated  In  parenthesis. 

Annual  Inspec  tlons .  Every  launcher  and  missile  Is  Inspected 
annually. 

Vhen  the  launcher  Is  due  for  an  Inspection  and  an  Electronic  System 
Test  Sat  (ESTS)  Is  available,  the  launcher  Is  transported  from  the  U$\ 
to  the  Intermediate  Maintenance  Facility  (IMF)  (.5  nour). 

The  inspection  crew  consists  of  a  team  chief  olus  three  other 
members  with  \FSC  463XX. 

Once  In  the  facility,  the  launcher  is  loaded  Into  the  test  frame  (1 
hour),  the  warheads  are  removed  from  the  missiles  and  the  missiles  are 
iownloaded  from  the  launcner  (1  nour  per  missile).  The  empty  Launcher 
is  connected  to  the  ESTS  (.5  hour)  and  the  empty  test  is  performed  (12 
nours  +■  repair  time).  When  problems  are  detected,  the  test  Is  stopped 
while  repairs  are  made.  The  missiles  are  tested  separately  on  anotner 
ESTS  (3.5  hours  per  iilssile  +■  repair  tLne).  The  missiles  are  then 
reloaded  onto  the  launcher  (1  hour  per  missile).  The  launcher  is  down¬ 
loaded  from  the  frame  and  a  postload  inspection  is  performed  (2.3 
hours).  Finally,  the  launcher  is  transported  bac<  to  the  W3\  (.5  hour) 
unless  needed  for  an  alert  aircraft. 
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Alert  3 ta tu s .  Five  aircraft  remain  on  alert  status  at  all  times. 
Approximately  every  three  weexs  one  alert  aircraft  is  excnanged  for 
another.  A  launcher  (which  Is  not  due  for  an  inspection  within  90  days) 
is  removed  from  storage  and  transported  to  the  flight  line  (.75  hours). 
The  load  crew  consists  of  a  team  chief  plus  four  other  nembers  with 
AF3C  462XX,  who  have  trained  together  for  at  least  three  weeks. 

The  launcher  and  two  pylons  are  loaded  onto  the  aircraft  (1  hour 
per  launcher,  1  hour  per  pylon).  A  systems  interface  test  (SID,  which 
tests  the  status  of  the  launcnars  and  the  missiles,  is  performed  (1.5 
hours).  If  the  launchers  and  missiles  are  working,  the  craw  performs 
the  postload  work  (i  hour)  and  downloads  the  other  aircraft.  If  not 
working,  the  launcher  is  removed  and  transported  back  to  the  IMF  and 
another  launcher  is  transported  to  the  flight  line. 

Once  a  week,  wnile  on  alert  status,  a  SIT  test  is  performed  by  the 
aircrew  to  ensure  alert  status  is  maintained. 

Sortie  Generation  Exercise.  Sortie  generation  exercises  are  con¬ 
ducted  on  a  no-notice  basis  quarterly  by  the  base  and  annually  by  LiQ  SAC 
( OR I ) .  This  exercise  is  similar  to  bringing  an  aircraft  up  to  alert 
status  except  that  all  aircraft  are  brought  up  to  alert  status.  ALl 
launchers  Ln  storage  and  In  the  IMF  are  uploaded  onto  aircraft. 

When  a  launcher  is  not  operational,  it  is  ce turned  to  tne  IMF  and 
repaired,  while  another  launcher  Is  uploaded  in  its  place. 

When  a  missile  Is  found  to  be  non-opera tLonal ,  either  the  entire 
launcher  Is  returned  to  the  IMF  to  exchange  the  failed  missile  or  the 
launcher  Is  left  In  a  degraded  status.  This  decision  Is  a  judgement  call 
by  the  commander  based  on  the  orograss  of  the  exercise  thus  tar. 


III.  Variables  la  the  Analysis 

There  are  many  factors  which  affect  the  availability  and  the 
generation  time  of  the  CSRL.  This  chapter  discusses  tne  factors  In¬ 
cluded  In  the  analysis  and  why.  It  also  discusses  those  factors  wnich 
were  considered  for  Inclusion  but  were  omitted. 

The  factors  selected  are:  number  of  load  crews,  available  support 

equipment,  level  of  repair,  frequency  of  launcher  Inspections,  repair 
rates,  mean  time  between  failures,  mission  schedule,  available  test 
equipment,  number  of  spare  parts,  and  the  number  of  maintenance 
personnel.  The  following  paragraphs  JIscjss  these  factors  Individually. 

The  number  of  load  craws  was  Identified  Dy  SAC  as  a  limiting  factor 
and  is  therefore  Included  In  this  analysis.  The  load  craw  is  a  team  of 
five  members  that  have  trained  together  for  at  least  three  weeks  before 
becoming  qualified  to  load  the  launchers  and  pylons  onto  the  aircraft. 
Although  a  typical  base  is  authorized  12  load  crews,  at  any  given  time 
only  3  to  9  are  fully  qualified  and  available  for  duty. 

Of  the  support  equipment,  the  munitions  lift  trailers  (MLTs)  were 
identified  as  the  limiting  resource  and  have  been  included  In  tne 
analysis.  The  MLTs  have  had  a  poor  reliability.  Although  a  typical 
base  Ls  assigned  12  or  13  MLIs,  only  3  or  9  are  usually  wording  at  a 
time . 

The  current  nalntenaace  pollcv  for  the  SlA'l  launcher  does  not  allow 
for  repair  of  the  launcher  or  for  exchange  of  a  filled  missile  on  the 
flight  line.  When  a  failure  is  detected,  the  launcher  must  be 
downloaded  from  the  aircraft,  transported  oacK.  to  the  I1F  and  repaired. 
Since  a  policy  change,  which  would  allow  fLlght  line  maintenance,  Is 


under  consideration  (3)  this  analysis  evaluates  the  Impact  of  the  level 
of  repair  (2-levei  vs  3-level).  rft  th  two  levels  of  maintenance,  the 
launcher  can  be  repaired  at  the  IMF  or  at  the  depot;  with  three  levels 
of  maintenance,  the  launcher  can  be  repaired  on  the  flight  line,  it  the 
IMF  or  at  the  depot.  Depot  repair  refers  to  shipping  a  failed  component 
of  the  launcher  to  the  depot  for  repair  and  using  a  spare  component  to 
repair  the  launcher  at  the  base  (either  on  the  flight  line  or  In  the 
IMF).  In  simulation  models,  depot  repair  is  represented  by  including  a 
time  delay  before  the  failed  component  Is  available  as  a  spare  part. 

I’he  SilAM  launcher  and  the  4LCM  missiles  undergo  an  inspection 
annually.  The  maintenance  plan  for  the  CS3L  also  calls  for  an  annual 
Inspection.  Since  failures  which  were  undetected  in  storage  would  be 
Identified  and  repaired  during  an  inspection,  the  effect  of  Increasing 
the  number  of  Inspections  would  be  to  Increase  availability.  This  Is 
Included  as  a  factor  In  order  to  find  out  how  much  of  an  impact  the 
frequency  of  inspections  nas  on  availability. 

Any  evaluation  of- •  the  factocs  mentioned  above  must  take  Into 
consideration  the  effects  of  estimated  reliability  and  maintainability 
parameters.  Specifically,  these  are  load  tine,  repair  time,  and  mean 
tine  between  failure  (MT8?)  for  the  seven  major  suosyste.ns  of  the 
launcher  and  the  missiles. 

Although  the  time  to  load  the  SkAM  launcher  Is  used  as  a  baseline 
estinate,  the  CSRL  is  considerably  larger  than  the  S.1A  1  and  nay  taka 
more  time  than  estlnated.  Therefore,  this  factor  was  included  in  the 
a  na  I  y  s  1  s . 


The  time  to  remove  and  replace  a  failed  missile  and  the  tine  to 
remove  and  replace  the  missile  Interface  unit  (Mid)  and  tna  relay 


assembler  are  othar  parameters  which  were  included  In  the  analysis.  The 
“I I'J  and  Che  relay  assembler  are  Che  only  cwo  components  of  che  seven 
najor  3ubsyscems  of  cne  CSilL  which  could  oe  repaired  on  cha  flight  line. 

The  final  paramacer  scudiad  is  che  naan  cine  be cween  failure  for 
che  launcher.  Since  there  3re  reliable  estimates  for  che  MTBr  for 
missiles,  chis  parameter  was  excluded  from  considers  Cion.  dTBF  is 
axpecced  Co  have  che  mosc  significant  impact  on  availabilicy  and  genar- 
sclon  cine.  In  addicion,  Cha  IntaracCion  of  MT8F  with  other  factors  nay 
have  an  impact.  For  example,  the  level  of  repair  nay  not  have  nuch 
impact  on  the  ganeration  tine  if  the  MTBF  is  high  since  there  would  be 
few  failures  to  repair.  But  if  the  MfBF  is  low,  there  nay  be  a  signifi¬ 
cant  difference  in  the  tine. 

Available  test  equipment,  number  of  maintenance  personnel,  and 
spare  parts  were  considered  for  inclusion,  but  were  not  included  for  the 
reasons  listed  below. 

The  electronic  systems  test  set  (EST5)  is  the  limiting  factor  for 
test  equipment.  This  .  -was  included  in  the  model  as  a  constraining 
resource,  but  was  not  evaluated  at  various  levels.  The  number  of  ESTSs 
is  limited  dv  the  design  of  the  I.dFs  which  have  already  been 
constructed,  hutlng  normal  operations  the  crew  work  2  3-hour  shifts  for 
5  days  a  weex;  therefore,  tne  maximum  ESTS  operating  tins  wouid  be  15 
nours  a  day.  However,  oecausa  of  Low  reliability  and  oeriodic  ESTS 
inspections,  the  EST3  is  only  availaole  3  to  IB  hours  a  day.  The  oaly 
way  to  Increase  the  availability  would  be  to  Lncrease  the  reliability. 
M though  that  may  be  possible,  this  analysis  does  not  evaluate  the 
avallablLltv  of  tne  ESfS  since  only  the  (’.BEL  was  nodeLed.  Since  the 
three  SSCSs  at  a  typical  base  are  used  to  test  the  launchers,  pylons  and 


missiles,  any  analysis  on  this  would  have  to  include  the  pylons  and 
missiles  as  well  as  the  CSS.L  to  be  meaningful . 

The  number  of  maintenance  personnel  was  not  included  as  a  con¬ 
straint  or  as  a  factor  for  evaluation,  because  this  was  not  considered  a 
limiting  factor  in  discussions  with  SAC  personnel.  However,  this 
resource  could  be  added  to  the  model  in  the  future. 

Spare  part  stockage  levels  for  the  MIU  and  relay  assembler  were  not 
evaluated  because  the  maintenance  concept  for  the  SIAM  launcher  Is  to 
repair  it  in  the  IMF,  rather  than  to  remove  and  replace  failed 
components  on  the  flight  line.  For  this  reason,  there  was  no  baseline 
data  to  use  for  the  number  of  spares.  The  CSilL  nodal  is  set  up  so  that 
spares  could  be  added  for  future  analysis.  This  is  discussed  further  in 
Chapter  VI. 

To  summarize,  there  are  four  factors  to  be  examined  in  this 
analysis  -  number  of  load  craws,  number  of  MLTs,  level  of  repair,  and 
the  frequency  of  inspections.  These  will  be  evaluated  while  also 
measuring  the  effects  of  .four  estimated  reliability  and  malntaiaabl  Li  ty 
parameters  -  load  time  for  the  launcher,  remove  and  replace  time  for  the 
nissiie,  remove  and  replace  time  for  tne  MliJ  and  relay  assembler,  and 
MTHF  for  the  launcher. 
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rtia  first  section  of  this  chapter  briefly  descrloes  tne  SLAM 


simulation  language  and  how  It  was  used  to  deveLop  the  JS3.L  modal.  The 
second  section  gives  3n  overview  of  the  C3.1L  nodel  while  the  tnird 
section  gives  a  more  detailed  narrative  description  of  the  model  and 
describes  the  Interaction  of  the  FOATAAM  and  the  SLAM  network  sections 
of  the  CSK.L  modal.  The  last  four  sections  discuss  the  assumptions  made, 
the  flexibility  of  the  model,  the  data  sources,  and  verification  and 
validation  of  the  model. 

SLAM  Background 

tlather  than  present  a  detailed  description  of  SLAM,  this  section 
provides  a  simplified  description  of  SLAM  that  Is  necessary  for  under¬ 
standing  the  development  of  the  C3AL  aodel.  Further  detail  concerning 
SLAM  can  be  found  in  Pritsxer  and  Pegden  (14)  and  3anks  and  Carson  (2). 

SLAM  is  a  special  purpose  F DR TAAN- based  simulation  language  which 
allows  an  event-scheduling  anl/or  3  process-interaction  orientation 
toward  molellng  (2:99).  The  type  of  orientation  one  uses  depends  on  the 
level  of  complexity  needed  to  modal  tne  system  and  tne  extent  to  wnLch 
the  modal  wllL  have  to  be  embellished  for  future  uses  (14:315). 

The  event-scheduling  orientation  concentrates  on  events  and  how 
they  affect  the  state  of  the  system.  This  method  uses  l  FOATAAN  model 
to  schedule  events  to  occur  anl  then  process  tne  events  at  the  right 
time.  FJATAAM  subroutines  are  used  to  control  the  changes  associated 
with  each  event  type,  wntch  may  entail  manipulating  flies,  collecting 
statistics,  and/or  printing  status  reports  (14:73).  This  is  called  a 


dlscre te-event  modal  oecause  changes  In  the  modal  occur  at  discrata 
points  In  time. 

The  procass-lntarac tLon  approach  concentrates  on  entitles  and  the 
sequence  of  events  and  activities  they  undergo  as  they  flow  through  the 
system.  The  processes  are  represented  by  the  nodes  and  branches  of  a 
network.  Consequently,  a  network  model  represents  the  processes  that  an 
entity  goes  through  as  It  passes  through  the  system.  (14:73)  Ehe 
symbols  used  to  descrloe  tne  processes  in  the  network  ace  Included  In 
Table  A.i  In  Appendix  A. 

The  ability  in  SLAM  to  combine  tne  FORTRAN  and  network  models  "with 
Interactions  between  each  orientation  greatly  enhances  the  modeling 
power  .  .  .  (14:74)”.  The  interaction  of  the  FORTRAN  and  network  models 
allows  events  to  altar  the  flow  of  entities  in  tne  network  model  and  it 
also  allows  entities  in  the  network  to  initiate  events  in  tne  FORTRAN 
modeL. 

The  SLAM  modal  developed  for  the  CSRL  employs  both  orientations 
toward  modeling.  The  events  ace  the  Okl  and  the  quarterly  generation 
exercises,  the  annual  launcher  inspections  and  the  exchange  of  launchers 
on  alert  aircraft.  These  events  are  scheduled  in  tne  FORTRAN  program 
and  when  called,  cause  tne  launchers  to  flow  tnrough  the  appropriate 
segment  of  the  SLAM  networx.  The  launchers  are  nodeled  as  entities  and 
the  network  represents  the  pcocess  the  launchecs  must  go  through  for 
each  event.  This  type  of  modeL  is  called  a  discrete-event  network 
Simula  tion. 

Model  Overview 

In  Chapter  II  1  macro  view  of  the  3S.IL  operational  environment  was 
presented  and  was  diagramed  In  Figure  2.  To  summarize,  the  diagram 
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showed  tnat  at  base  level  tne  launchers  could  be  in  one  of  three 
locations  for  a  variety  of  reasons.  While  at  the  base  the  CSkLs  can 
either  be  In  storage,  on  the  flight  line,  or  in  the  IMF.  There  are 
several  reasons  launchers  transfer  location.  These  include  out  are  not 
United  to:  repair  of  launcher  conponents,  required  inspection,  and 

generation  exercises.  The  model  subdivides  the  launcher  Into  the  seven 
major  subsystems  so  that  the  MTBF  for  each  of  the  components  can  be 
checked  during  tasting  (refer  to  Table  C.l  for  a  listing  of  tne 
subsystems).  The  launchecs  that  are  In  storage  (and  have  not  failed)  or 
are  awaiting  Inspection  are  considered  available.  The  next  section  uses 
flow  charts  to  show  the  major  decision  structures  Involved  in  the  day- 
to-day  operation  of  the  CSkL.  Only  tne  significant  decision  structures 
were  included;  for  more  soecific  details  on  the  model  refer  to  Appendix 
3  where  the  F3XT1AS  and  SLAM  network  codas  a  listed.  The  network  flow 
diagrams  are  also  Included  an  Appendix  B.  The  computer  used  to  imple¬ 
ment  the  simulation  model  Is  the  VAX  11/730;  however,  it  has  also  been 
run  on  the  IBM  A  321  computer. 

Parra ti ve  Description 

The  TSkL  model  is  a  composite  discrete-event  network  simulation 
that  consists  of  two  parts;  a  F0XT.1AM  modeL  and  a  SLAM  network  nodel. 
The  F0RT1AM  model  Interacts  with  the  SLAM  network  model  to  simulate  the 
CS.iL  system.  The  FOITIA'I  code  consists  of  two  major  parts; 
initialization  and  assignnent  of  launchers,  and  event  scheduling.  The 
network  nodel  consists  of  five  major  sections  that  represent  the 
different  activities  tnat  tne  launchers  go  through  during  alert, 
generation  exercises,  and  launcher  inspections.  The  five  major  sections 
are:  checking  for  failed  conponents  (Jl.O,  repairing  failed  components 
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(*£i?),  generating  aircraft  (G£'l),  performing  post  generation  work 
( ?STG) ,  and  performing  annual  Launcher  inspections  ( ALI ) . 

In  the  initialization  and  assignment  section  of  the  FOIRAS  model 
the  16  launchers  are  created  and  assigned  failure  times.  £acn  launcher 
has  seven  major  subsystems  and  eight  missiles;  therefore,  all  seven 
components  and  eight  missiles  are  assigned  failure  times.  ./he never  a 
component  fails  the  launcher  is  considered  unavailable.  Eacn  launcher 
is  than  assigned  an  annual  inspection  time  with  one  launcher  scheduled 
every  three  weeks  so  that  the  work  load  is  evenly  spread  throughout  the 
year. 

The  first  five  launcners  that  are  not  due  an  annual  launcner 
inspection  within  90  days  are  put  on  alert  aircraft  with  the  remaining 
launchers  put  in  storage.  Cne  launchers  stay  in  storage  (STG)  or  on 
alert  (ALT)  until  scheduled  far  the  next  event.  This  is  snown  in  Figure 
3,  Flowchart  for  Main  Program. 

The  next  part  of  the  code,  as  Illustrated  In  Figure  4,  schedules 
the  events  for  the  CSR.L  .for  the  simulation  time  specified  by  the  user. 
The  events  are  scheduled  In  decreasing  order  of  importance  so  that  any 
conflicts  can  easily  be  resolved.  For  example,  if  mere  was  a  conflict 
oe tween  an  annual  lajucher  Inspection  and  an  0?ll  tne  former  would  be 
deferred  until  after  the  generation  exercise  was  completed.  The  first 
event  scheduled  is  the  ORI  which  occurs  randomly  every  19  to  15  months. 
The  quarterly  inspections  ()[NS<?s)  nee  scneduled  next,  one  per  quarter 
but  not  overlapping  the  Okls  since  tnls  would  not  occur  In  reality.  The 
launchers  are  then  scheduled  for  an  annual  launcher  inspection  (AH) 
corresponding  to  the  Inspection  tines  assigned  earlier,  unless  the 
Inspection  time  conflicts  with  a  generation  exercise,  in  which  case  the 
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inspection  Is  rescheduled  until  after  the  generation  exercise.  The  last 
event  scheduled  is  the  weekly  status  check,  of  alert  aircraft.  This 
event  (5XCHG)  exchanges  failed  launchers  and  launcners  that  nave  bean  on 
alert  for  90  days  wltn  launchers  from  storage  or  the  I  'IF . 

In  addition  to  initializing  the  model  and  scheduling  events,  the 
F0R.TR code  performs  the  availability  cnecks  and  prints  the  results. 
Since  availability  is  the  number  of  launcners  in  working  order  at  random 
points  in  time,  the  availability  checks  are  conducted  randomly  once  a 
month.  The  availability  of  launchers  In  storage  and  on  alert  aLrcraft 
are  checked.  The  model  does  not  count  launchers  with  undetected  storage 
failures  as  being  available.  The  number  of  available  launchers  Is 
computed  to  be  the  percentage  of  the  16  launchers  that  are  actually  in 
working  order. 

\fter  scheduling  the  events  to  occur  the  FDRTRM  code  calls  the 
SIAM  input  coda  which  processes  the  events  in  chronological  order.  When 
an  event  is  scheduled  to  occur  the  FORTRAN  code  is  called  to  remove 
launchers  from  one  file  and  place  them  into  another  file  in  the  network 
wnere  the  processing  of  the  event  continues.  For  example,  when  an  3RI 
Is  scheduled  the  FOiriVS  code  removes  the  launchers  that  ace  in  storage 
from  file  2  and  puts  then  Into  file  3  where  the  network  processes  the 
launchers  and  upgrades  them  to  alert  status. 

When  an  ORI  or  quarterly  Inspection  exercise  occurs  all  11  aLrcraft 
not  on  alert  must  be  readied  and  upgraded  to  alert  status.  rfotn 
Inspections  are  collectively  referred  to  as  generation  exercises.  See 
Figure  5  for  the  flowchart  for  generation  exercises. 

During  a  generation  exercise  the  launchers  and  two  pylons  are  the 
last  Ltems  loaded  onto  the  aircraft.  These  are  not  loaded  until  all  the 
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other  equipment  has  been  loaded  and  verified  as  being  operational.  Once 
the  aircraft  is  ready  and  a  load  craw  and  a  XLT  are  available  the 
launcher  is  loaded  and  each  of  the  pylons  are  loaded  onto  the  aircraft. 
The  launcher  which  noLds  eight  missiles  is  loaded  into  the  bomb  bay  of 
the  aircraft  and  the  pyLons  wnich  nold  six  ulssiles  eacn  are  loaded  onto 
the  wing3  of  the  aircraft.  Once  the  launcher  or  pylon  Is  loaded  the  MLT 
Is  then  returned  to  the  storage  area  or  to  the  IdF  for  loading  of  the 
next  launcher  or  pylon.  Once  fulLy  loaded  on  the  aircraft  a  SIC  test  Is 
performed  to  detect  any  failures  on  the  launcher  or  the  missiles.  The 
SIT  test  can  detect  nuitLple  failures;  therefore,  ail  failures  are 
repaired  before  releasing  the  launcher  for  the  next  event.  A  SIT  test 
is  also  performed  on  tne  pylons  but  this  is  not  nodeled.  The  pylons  are 
partially  modeled  during  generation  exercises  because  they  tie  up  two  of 
the  crLtlcal  resources  for  the  CS&L  (load  crews  and  dLTs)  which  affect 
the  sortie  generation  cate  for  the  CSAu.  Otherwise,  the  pylons  do  not 
constrain  the  generation  or  the  avaLlabllity  of  the  CSK.L  and  are  not 
modeled. 

If  a  failure  Is  detected  on  the  launcher  and  the  component  is 
repairable  on  the  flight  line,  it  will  be  repaired  on  tne  spot.  If  tne 
component  can  not  oe  repaired  on  the  flight  Line,  the  launcher  or  pylon 
will  be  transported  to  the  IMF,  loaded  onto  the  iSTS  (when  one  Is 
available),  repaired,  and  returned  to  the  flight  line  to  be  loaded  onto 
an  aLrcraf t. 

If  a  missile  has  failed,  one  of  two  things  can  happen  whLch  Is  left 
to  the  discretion  of  the  wing  commander.  mlther  the  whole  launcher 
(Including  missiles)  is  returned  to  the  Id?  to  exchange  tne  failed 
misslLe  or  the  launcher  Is  Left  la  a  degraded  status.  The  first  option 
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■Igure  5.  Flowchart  for  deaeration  (Old)  Subroutine 


would  normally  occuc  early  La  the  exercise  while  the  last  option  would 


proDably  occur  later  In  the  exercise.  The  -nodal  assumes  that  this 
change  In  decision  would  occur  halfway  through  the  exercise  after  3  of 
16  launchers  nave  oeen  loaded.  This  seems  like  .1  reasonable  assumption 
but  may  lead  to  an  Inaccurate  prediction  of  availability  and  thus 
wartime  capability,  since  at  the  end  of  the  generation  exercise  all 
launchers  and  missiles  are  expected  to  be  fully  operational. 

Once  tne  launcher  and  pylons  are  fully  loaded  onto  the  aircraft  and 
all  have  passed  the  SIT  test,  the  networx  calls  the  FOkTkAM  generation 
report  (GENkPT)  subroutine  which  computes  the  time  It  took  to  generate 
the  aircraft.  This  Is  the  process  followed  to  generate  all  aircraft  for 
either  an  Okl  or  a  quarterly  inspection  exercise  (QH3P).  The  time  to 
generate  each  aircraft  and  the  total  time  to  generate  all  15  aircraft 
are  used  by  the  Inspection  team  to  cate  the  operational  readiness  of  the 
unL  t. 

Figure  6  snows  the  flow  chart  for  the  annual  launcner  inspection 
(ALI).  When  a  launcher  is  scheduled  for  its  annual  inspection  Lt  Is 
transported  to  the  IMF  where  It  waits  for  an  ESTS  to  become  available. 
Although  It  Is  not  nodeled,  the  Inspection  can  not  start  until  the 
inspection  craw  Is  available.  This  Is  not  modeled  because  lainc.ner 
Inspections  will  occur  during  normal  working  hours  when  an  Inspection 
crew  will  be  available.  Once  the  SsTS  Is  available,  tne  launcner  is 
Loaded  onto  the  test  frame,  tne  warheads  are  removed  from  tne  missiles, 
the  missiles  are  downloaded  from  the  launcher  and  an  empty  test  Is 
performed  to  check  for  any  failures  on  the  launcher.  The  missiles  are 
also  going  through  their  annual  Inspection  on  another  S3T3  (t.iis  Is  not 
modeled  because  missile  Inspections  are  not  constraining).  Any  failures 
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that  are  detected  are  then  repaired.  Once  all  repairs  are  completed  the 
missiles  are  then  reloaded  onto  the  launcher,  the  lauucner  is  downloaded 
from  the  frame  and  a  loaded  test  or  postload  Inspection  Is  performed. 
Again,  any  failures  that  are  detected  are  repaired.  This  completes  tne 
annual  launcher  inspection  and  the  ESTS  is  released  for  use  for  other 
wortc. 

The  next  event,  Exchange  (SkCHG),  is  shown  in  figure  7.  The  EXCHG 
event  occurs  every  week  unless  there  is  a  generation  exercise  in 
progress.  Every  week  the  launchers  on  alert  aircraft  are  checked  to  see 
if  they  are  still  ooeratLonal  oy  performing  a  SIT  test  and  they  are  also 
checked  to  see  if  their  '90  day  alert  time  has  expired. 

If  tne  launcher  Is  operational  and  it  has  been  on  alert  for  90  days 
it  is  exchanged  with  a  launcher  from  storage  that  13  not  scheduled  for 
an  annual  launcher  inspection  within  the  next  90  days.  The  new  alert 
Launcher  and  two  pylons  are  transported  to  the  flight  line,  loaded  onto 
the  airccaft,  and  checked  for  failures  (a  SIT  test  Is  performed).  If 
the  launcher  and  missiles  are  operational  a  postload  check  Is 
accomplished  and  tne  old  launcner  and  pylons  are  taken  off  alert  and 
sent  to  the  IdF  for  a  visual  recertification  before  going  back  to 

storage.  Otherwise,  the  failed  Lauacner  is  removed  md  transported  oacx 

to  the  IMF  while  another  launcher  is  transported  to  the  flight  line. 

If  the  launcher  or  missiles  are  found  to  be  non-operational  tr.c 
launcher  will  be  downloaded  and  sent  to  repair  after  another  Launcher  is 
pat  on  aLert. 

ine  tnree  major  events  affecting  the  IS-tL  were  modeled  In 

sufficient  detail  in  order  to  provide  an  experimental  franeworx  for 

which  to  test  the  critical  factors  affecting  availability  and  sortie 


generation  time,  dowever,  certain  assumptions  ware  made  that  may  affect 
the  actual  prediction  of  availability  and  sortia  generation  time. 


Assumptions 

In  addition  to  the  assumptions  mentioned  in  the  development  of  the 
modal,  the  following  assumptions  were  necessary  to  limit  the  scope  of 
the  CSAL  system  in  order  to  focus  on  the  major  factocs  affecting  avail¬ 
ability  and  sortia  generation  time.  These  assumptions  can  be  changed  by 
modifying  the  computer  code  if  further  analysis  requires  such  changes. 

The  major  assumption  in  this  modal  is  that  all  other  resources  (ie. 
spare  parts,  flight  line  support  equipment,  and  munitions)  besides  the 
ones  explicitly  spacified  in  tna  model  ara  noncrltical.  That  is,  they 
are  available  when  needed  and  will  not  affect  availability  or  sortie 
generation  time. 

A  second  assumption  is  that  all  component  failures  are  of  aqu3l 
importance.  This  seems  reasonaoie  sinca  launchers  only  have  two  states 
—  available  or  unavailablo.  Therefore,  no  single  component  receives 
priority  maintenance. 

Since  there  is  no  data  available  on  the  different  failure  rates, 
storage  versus  operational,  they  were  modeled  as  being  equaL.  Since 
storage  failures  remain  undetected,  whereas  operational  failures  are 
detected  and  sent  to  repair  the  different  rates  would  affect  the  true 
availability  measure.  Dnca  the  data  becoaes  available  it  could  easily 
be  incorporated  into  the  model  which  would  give  a  more  accucata 
prediction  of  availability. 

Another  assumption  Involves  the  load  crew.  The  load  crew  Is  fully 
modeled  during  generation  exercises  when  four  crews  are  available  around 
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the  clock.  There  are  2  12-hour  shift3  during  generations.  However, 
during  normal  operations  the  crew  is  not  modeled  because  it  is  assumed 
that  a  load  crew  will  be  available  when  needed  for  loading  launchers  on 
alert  aircraft  or  for  loading  launchers  requiring  annual  inspections. 
This  Is  a  reasonable  assumption  because  during  norn3l  operations  the 
crew  are  scheduled  for  two  aignt-hour  shifts  for  five  days  a  week  which 
coincides  with  when  all  tne  repair  work  and  inspection  work  is 
scheduled. 

Even  with  the  limiting  assumptions  the  scenario  is  still 
representative  of  a  normal  day-to-day  operation  as  well  as  a  typical 
generation  operation  and  will  oe  sufficient  to  meet  the  objectives  of 
this  study. 

Flexibility 

The  CSRL  model  is  Inherently  flexible  due  to  the  SLAM  language  3nd 
the  modular  way  It  was  written.  The  SLAM  code  W3S  separated  Into 
sections  according  to  the  function  being  performed.  The  functions 
include:  checking  for  failed  components,  repairing  failed  components, 

generating  aircraft  (ORI  and  }INSP),  performing  post  generation  work, 
and  performing  launcher  inspections.  Tne  FOR TRAM  program  was  broken 
Into  subroutines  according  to  the  avents  tnat  the  launcners  go  through. 
Because  of  its  nodularity  tne  CSRL  modal  can  be  easily  expanded  by 
adding  events  to  the  7)RTRA'J  code.  These  events  can  be  scheduled  to 
occur  it  specific  or  random  times  in  tne  initialisation  subroutine 
(IMiLC).  if  new  policies  require  Incrementing  existing  resources  or 
adding  additional  resources,  these  resources  can  be  Included  in  tne  SLA.l 
code . 
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Thera  are  several  internaL  options  that  can  ha  Initialized  to 
different  values  before  a  run.  Thasa  include  laval  of  repair,  frequency 
of  launcher  Inspections,  number  of  craws,  nunbar  of  MLfs,  number  of 
ESTSs  as  well  as  any  of  tha  estimated  parameters.  Ill  of  the  estimated 
parameters  can  also  be  made  global  variables  in  order  to  facilitate  tne 
experimental  design. 

In  addition  to  changing  Input  parameters  and  resources,  the  model 
is  flexible  anougn  to  evaluate  measures  of  effectiveness  other  than  the 
ones  chosan  for  this  study.  For  example,  the  model  could  evaluate  the 
fully  mission  capable  (FMC)  rate  and  the  partially  mission  capable  (PMC) 
rate  of  the  CSRL  by  changing  the  generation  report  (GEMRpr)  subroutine 
In  tha  main  program  to  calculate  and  print  the  number  of  launchers 
loaded  in  a  specific  amount  of  time: 

1.  with  all  missiles  functioning, 

2.  with  at  least  five  mLsslles  functioning. 

In  addition  to  tne  standard  SLAM  output  file,  tha  model  creates  two 
user  defined  output  files,  that  aid  in  the  analysis  of  the  model  results. 
The  first  output  file  contains  the  generation  tines  for  each  launcnar 
and  the  availability  values  taken  randomly.  This  file  Is  useful  for 

monitoring  the  status  of  tna  generation  exercises.  The  second  output 

file  records  the  average  avillablLlty  of  the  Launcners  for  the 

simulation  time  and  tha  average  generation  time  for  the  launcners.  Tnls 

tile  Is  nore  useful  than  tne  average  avallabllLty  and  generation  values 
calculated  by  Slid  because  It  does  not  weLgnt  cne  statistics  over  time. 
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Data 


This  section  briefly  discusses  the  sources  for  the  Input  data  for 
the  modal.  Most  of  the  data  came  from  four  sources:  Boeing  Document 

Mo.  0405-10 350-1  ,  Bellabl  11  ty /Main tal na bl  11  ty  allocations,  assessment 
and  Analysis  Report  -  CSXL;  AFLS  0056  Da  ta  for  S.U.M  Missile  vVorlc  Unit 
Code  (BA300),  from  1  Oct  33  to  31  Mar  34;  SAC  maintenance  personnel 
familiar  with  the  SIAM  rotary  launcher  system;  and  AF0TEC  personnel 
familiar  with  both  the  SRAM  rotary  launcher  and  the  specifications  for 
the  CSML.  Mone  of  the  sources  distinguished  oe tween  storage  failure 
rates  and  operational  failure  rates.  The  Activities  laole  In  Appendix  0 
lists  most  of  the  data  and  the  data  sources  used  In  the  model.  The  only 
data  not  Included  in  this  taole  are  the  mean  time  between  failure  (MTBF) 
rates  for  each  subsystem.  The  values  used  are  the  predicted  and 
allocated  values  from  the  3oelng  report.  The  Toeing  report  only  gives 
one  MTBF  for  the  electronic  and  electrical  systems.  Since  the  Missile 
Interface  Unit  (MIJ)  and  the  relay  assembler  can  be  repaired  on  the 
flight  line,  a  MTBF  for  each  component  was  calculated  by  using  the 
Boeing  MTBF  and  the  percentage  of  failures  for  each  component  obtained 
from  the  1)056  data.  The  MTBF  cates  used  in  the  model  are  summariied  in 
the  MTBF  Table  In  Appendix  C.  In  .addition,  comments  have  been  Included 
In  the  model  Ln  Appendix  3  which  lists  the  source  for  the  particular 
data  used. 

Terlf ici tion  .and  Validation 

The  utility  of  this  research  effort  depends  naaviLy  on  t.ae  validity 
of  the  simulation  model  and  on  the  assumptions  on  union  it  is  based. 
Mumecous  methods  have  been  developed  to  lid  in  the  verification  and 
validation  ococass;  nost  are  informal  suojectlve  comparisons,  wnile  a 
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few  ere  formal  statistical  procedures  (2:376-377).  VerificatLoa  end 
validation  were  conducted  simultaneously  and  two  steps  were  used  to 
validate  the  projections  of  availability  and  sortie  generation  times  for 
the  C3:lL.  first,  the  SL\M  simulation  model  was  examined  to  verify  that 
it  operated  as  intended.  Then  the  simulation  results  were  examined  for 
validity.  The  following  sections  describe  both  steps  in  furtner  detail. 

Verif ica tion 

In  order  to  verify  that  tne  simulation  model  benaved  as  intended 
two  of  the  3L.V1  output  options  were  used;  trace  and  summary  report.  The 
3LAM  trace  routine  lists  the  sequence  in  whicn  activities  are  performed 
and  portrays  the  decision,  variable  assignments,  and  oranching  that 
occurs  at  nodes.  The  trace  was  used  at  the  beginning  of  the  simulation 
and  at  times  when  major  events  occurred  in  order  to  verify  that  the 
simulation  was  starting  out  correctly  and  continuing  to  operate 
properly.  The  traces  were  thorougnly  examined  from  various  simulation 
runs  and  it  showed  that  the  simulation  model  accurately  reflected  the 
processing  of  the  launchers  through  the  various  activities.  Therefore 
it  was  concluded  that  the  modal  performed  3S  designed. 

/a  11  da  tion 

In  order  to  validate  the  modeL  It  is  necessary  to  examine  tne 
simulation  results  ani  compare  It  with  raaLlty.  Comparing  tne  model 
results  with  reality  cm  oe  iccompii sued  using  supjective  tests  ind/or 
oojective  tests.  Subjective  tests  require  the  judgements  of  experts  of 
the  system,  to  determine  the  validity  of  the  aodcL  and  its  output. 
Dojective  tests  are  more  concrete  ani  are  used  to  compare  the  system's 
ictaai  performance  with  tne  performance  produced  by  tne  model.  Since 
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Che  C3HL  Is  not  yet  operational,  the  valLdity  cannot  be  checked  with 
objective  tests.  Therefore  only  subjective  tests  were  used  to  validate 

the  model  results.  (2:3-35) 

The  decree  of  validity  when  using  subjective  tests  Is  highly 
dependent  on  the  acceptance  by  future  users  of  the  model,  of  the 
assumptions  made  and  the  extant  to  which  the  results  agree  with 
perceived  expectations.  Throughout  the  development  of  the  model,  the 
potential  users  of  the  model  (\FOTEC)  were  conferred  with  to  ensure  that 
a  realistic  nodal  was  being  built  using  reasonable  assumptions  and 
reliable  data.  The  users  concurred  with  the  assumptions.  The  logic  of 
the  model  was  also  checked  by  using  extreme  values  for  critical  inputs. 
These  Include  reliabilities,  number  of  crews,  number  of  MLTs,  and  type 
of  management  policy. 

The  availability  measure  seemed  to  oe  accurately  portrayed  when  the 
critical  factors  were  Increased  or  decreased. 

The  sortie  generation  tines  whan  compared  with  expectations  were  a 
little  high  with  variations  of  certain  factors.  This  could  be 

attributed  to  conservative  estimates  oy  maintenance  personnel  on  the 
time  to  perform  certain  tasks  on  a  system  not  yet  operational.  However, 
tue  sortLe  generation  tines  did  increase  or  decrease  as  expected  when 
critical  factors  were  changed. 

The  results  from  varying  the  Inputs  for  the  most  part  vielded 
reasonable  output,  consistent  with  expectations.  Therefore,  tne  model 
Is  considered  valid. 
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V.  Analysis  and  ^2 suits. 


lasearch  Design 

The  purpose  of  this  research  Is  to  evaluate  how  various  factors 
effect  availability  and  generation  tine  whlla  simul taneously  considering 
variations  in  several  estimated  reliability  and  nalntaiaablli ty  para¬ 
meters.  Using  regression  analysis,  the  relationships  between  availa¬ 
bility  and  generation  time  (dependent  variables)  and  the  set  of  factors 
and  interactions  (Independent  variaoles)  are  quantified. 

The  four  factors  evaluated  are:  the  number  of  load  crews,  the 

number  of  munitions  lift  trailers,  tne  level  of  repair,  and  the  fre¬ 
quency  of  launcher  Inspections.  The  estimated  parameters  are:  time  to 
load  the  launchers,  time  to  exchange  a  missile,  time  to  remove  and 
replace  a  component  on  the  flight  line,  and  the  mean  time  between 
failures  for  tne  seven  subsystems.  Inese  IfBFs  are  combined  into  one 
parameter  by  calculating  the  MTBF  of  the  launcher: 

1/!,raFU««ch.t  •  Jj  1/,,r6?l 

where 

drBF^  is  the  dTRF  of  subsystem  L 

L  =  structure 

2  =  power  drive  unit 

3  =  power  drive  unit  controller 

a  -=  missile  interface  unit 

5  =  relay  assembler 

6  =  other  a lec tconic/ e lec tclcal 

7  =  electronic  control  system 

It  is  difficult  to  judge,  without  some  preliminary  analysis,  wnlcn 
of  the  eight  factors  and  23  possible  two-way  interactions  significantly 
Lmpact  availability  and  generation  time.  »Jlth  so  many  potential  inde- 
oendent  variaoles  a  stepwise  regression  procedure  would  be  necessary.  A 
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stepwise  regression  procedure,  wuich  is  notorious  for  capitalizing  on 
chance,  ideally  should  have  40  tines  more  cases  tnan  the  number  of 

Independent  variables. ( 16 : 92)  <£ven  if  the  Interactions  could  oe 
narrowed  down  to  3,  through  judgement  and  logic,  the  regression  would 
require  640  (=16x40)  runs. 

By  dividing  the  experimental  design  into  two  parts,  the  number  of 

runs  needed  for  the  regression  is  reduced,  since  the  numDer  of  factors 

and  interactions  simultaneously  analyzed  is  reduced  and  the  number  of 
cases  per  independent  variable  is  reduced  from  40  to  20. 

The  initial  set  of  runs  is  based  upon  a  fractional  factorial  design 
which  evaluates  3  factors  at  two  levels  and  23  first-order  (two  way) 

interactions.  From  this  design,  those  factors  and  interactions  which 
significantly  affect  the  dependent  variables  were  identified. 

Once  the  independent  variables  which  will  nost  likely  enter  the 
regression  equation  nave  been  identified,  a  regression  procedure  without 
the  stepwise  option  car\  be  used  to  develop  a  functional  relationship 
between  the  dependent  and  independent  variables.  Without  the  stepwise 
option  the  regression  procedure  ideally  should  have  20  tines  more  cases 
than  tne  lumber  of  independent  variables.  (16:91) 

9  true  turai  .lodel 

The  structural  model  is  composed  of  three  types  of  variables  which 
include  response  variables,  control  variables,  and  stochastic  variables. 
The  following  table  lists  by  type  the  variables  used  in  the  model. 
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rabla  1 


Variables  Used  In  Model 


Response  i  Control 

S  tocnas  tic 

1  Z  of  launchers  available 

1  generation  time 

i 

1  * 

V  of  crews  ,  ^failure  rates 

ll  of  MLTs  ,_load  times 

maintenance  policy  ^.^remove/replace  times 

frequency  of  inspection  repair  rates 

random  avail  checks 
inspection  tines 

1  * 

, , launcnar  components  and  missiles 

j  launcher  components  only 

Ini  tlal  kun 

The  initial  ran  was  used  cor  three  purposes: 

1)  Co  test  for  autocorrelation  in  the  availability  checks, 

2)  To  evaluate  the  want-up  period  needed  to  avoid  Initialization  bias, 

3)  To  determine  the  numoer  of  observations  needed  in  each  run. 

The  initial  run  was  for  20,000  hours  (approxima  tsly  9  quarters)  and  it 
checked  availability  57  tines  and  generation  time  11  tines. 

The  existence  of  autocorrelation  neans  that  an  observation  is 
related  to  the  previous  ooservatlon.  Since  the  number  of  observations 
needed  is  calculated  using  the  assumption  of  indeoendent  observations, 
the  presence  of  autocorrelation  has  tne  effect  of  overstating  the  sample 
size.  In  simulation  autocorrelation  can  be  reduced  by  increasing  the 
amount  of  simulated  tine  between  obser va tions .  12:434) 

To  test  for  autocorrelation,  the  SPSS  regression  package  on  the  A3D 
Cyber  computer  was  used.  '3y  requesting  a  plot  of  availability  (VAIL) 
versus  time  (TMOW)  the  program  calculate!  a  Durbin- Vn tson  statistic, 
initially,  availability  was  checked  randomly  between  )  and  o50  nours. 

The  Durbin- Va tson  statistic  was  .931  which  was  clearly  in  the 
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unacceptable  range.  Taking  observations  half  as  often  decreased  the 
number  of  observations  to  29  and  increased  cne  Durbin-w'a  tson  statistic 
to  1.605.  The  acceptable  range  for  this  statistic  with  more  than  two 
variables  and  29  observations  is  1 . 5 S  to  2.  42  (11  :539).  This  indicated 
that  with  ooservations  taxen  randomly  between  0  and  1 ,  3U0  hours,  auto¬ 
correlation  is  not  a  problem. 

To  avoid  having  the  observations  biased  because  of  initializing  the 
failures  at  time  zero,  a  warmup  period  of  720  hours  was  used.  After  720 
nours  the  network  has  completed  several  cycles.  The  status  of  tne 
launchers  on  alert  aircraft  has  been  checked  four  times  and  repaired,  if 
necessary,  and  the  first  launcher  has  gone  through  an  annual  inspection, 
from  the  results  of  the  trlalrun,  the  designated  warmup  period  is  con¬ 
sidered  more  than  adequate  because  the  initial  values  obtained  for  both 
availability  and  generation  tine  were  neither  the  hlgn,  nor  the  Low 
resul ts. 

Since  avaliauillty  and  generation  exercise  time  are  stochastic 
processes  and  are  checked  at  random  points  in  time,  the  initial  run  was 
used  to  calculate  the  number  of  observations  necessary  for  analysis. 
The  number  of  observations  needed  Is  based  on  the  variation  In  the 
observations  of  tne  initial  run  and  the  confidence  that  the  sample  mean 
Is  a  good  estimate  of  tne  population  mean.  This  can  be  calculated  using 
the  following  formula  (2:439): 

number  of  observations:  =  [  ts/gl  ‘ 


uhe  re 


t  is  the  t—  statistic  for  confidence  level  a  and  n-1  degrees 
of  freedo.ii 

s  is  the  standard  deviation  of  the  sanple 
g  Is  the  half  width  of  the  confidence  interval 
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4  confidence  interval  of  .92  for  availability  and  an  interval  of 
Jr  4  hours  (~  10%  of  39.5  hours)  for  generation  time  ware  used  in 

determining  tna  number  of  observations  needed  for  analysis.  fnase 
values  were  considered  adequate  for  an  initial  study  effort  when 
considering  the  uncertainty  of  the  estimated  parameters  and  the  amount 
of  computer  time  needed  to  achieve  these  results. 

Table  2  contains  the  calculations  for  availability  and  generation 
time.  To  achieve  the  chosen  confidence  interval,  the  simulation  time 
must  be  1  year  or  3,760  hours  for  generation  time,  but  it  must  be  115 
weeks  (29  x  4)  or  19,433  hours  for  availability. 


Table  2 

Calculations  for  Number  of  Observations 


4vailablli ty 


a  *  29,  a  =  .10 

C.  10,23  =  1,31 
x  =  37.93 

s  =  .032 

2  =  .02 


l 

[—  -1 

N  = 

( 1 . 3 1 ) ( . 032 ) 

2 

3  = 

(1.37)(6.3> 

2 

( .02) 

4 

— 

S  =  29 

N  = 

5  1 

Generation  Time 


n  =11,  a  =  .  13 

c.  10,10  =  l’37 

x  =  37.93 
s  =  39.5 


Frictional  Fac  tor  la  1 

Factorial  designs  are  useful  wnen  traere  Is  more  than  one  factor 


which  affects  the  response  variable. 


nts  type  of  design  will  measure 


the  effects  of  the  mala  factors  and  tne  interactions  among  these  fac¬ 
tors.  With  3  factors,  a  full  factorial  design  would  require  2i  or  2oS 
combinations  or  runs  of  the  nodal.  however,  it  is  not  neeassary  to 
include  all  of  these  combinations  to  obtain  enough  Information  to  answar 
the  research  questions  posed  In  Cnapter  I. 

4  reduced  factorial  design  Is  called  a  fractional  factorial.  3y 
not  including  all  possible  combinations,  "loss  of  Information  results 
from  main  affects  and  interactions  being  entangled  [confounded]  with 
other  main  effects  and  interactions"  (17:1).  3ut  with  properly  chosen 
combine tions  these  entanglements  can  be  United  to  higher  order  interac¬ 
tions.  This  is  acceptable  because  "in  many  experiments,  interactions 
among  three  or  more  factors  can  be  considered  negligible"  (13:2). 

Since  the  higher  order  interactions  in  this  system  should  be  negli- 

3 

gibla,  this  design  is  a  one-fourth  of  a  2  factorial.  t'his  will  provide 
information  an  the  main  factors  and  the  first  order  interactions. 

The  design  used  was  published  as  part  of  tne  National  dureau  of 
Standard  \pplied  Mathematics  Series  (13:2).  The  details  are  provided  in 
4ppandix  D. 

lesui ts 

The  fractional  factorial  design  was  done  using  the  3ICP2V  statisti¬ 
cal  package  on  the  ASl>  Cyber  Computer.  The  dat3,  input  program  and 

output  table  are  included  as  Appendix  E. 

4t  the  ->Ja  confidence  level  there  were  three  nain  effects  which 

affected  the  aval labl li ty:  level  of  repair,  frequency  of  inspections, 

and  ML’dF.  In  addition  to  tna  a  a  three  main  effects,  the  LntaractLon  of 
the  nunoer  of  crew,  and  the  frequency  of  inspections  affected  ivalla- 
bL 1 1 ty . 
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At  the  90 7.  confidence  Level  there  were  five  main  effects  which 
affected  generation  time:  number  of  crew,  Level  of  repair,  tine  to  Load 
the  Laancher,  tine  to  remove  and  replace  components,  and  irBF.  In 
addition  to  the  main  effects,  the  generation  time  is  affected  by  the 
Interactions  with  the  number  of  crew  and:  Level  of  repair,  frequency  of 
Inspection,  time  to  exchange  a  failed  missile,  and  MTBF. 

degression  Analysis 

Tne  fractional  factorial  design  Indicated  that  there  are  four 
potential  independent  variables  needed  to  explain  availability;  nine 
needed  to  explain  generation  time.  With  9  potential  independent  vari¬ 
ables  and  20  cases  per  independent  variaDie,  130  runs  are  needed. 

Tne  following  are  the  factors  that  were  varied  and  the  names  given  to 
them  for  the  rest  of  the  analysis: 

number  of  load  crews  (G.<(£W) 

level  of  repair  (LLv'iiL) 

frequency  of  Inspections  (LWS?) 

time  to  load  the  launcher  (LOAD) 

time  to  remove  and  replace  a  component  (CD.IP) 

time  to  exchange  a  nlssilu  (dISL) 

mean  time  between  failures  (  IfBF) 

When  two  terms  interact,  the  effect  of  the  first  term  is  dependent 
upon  the  level  of  the  second  term  and  vice  versa.  This  type  of  rela¬ 
tionship  can  be  represented  be  a  cross-produc t  term.  (12:232)  From  the 
previous  variables,  the  interaction  variables  were  calc  Jilted: 

CWXLZV'L  -  crew  <  level 

Ow.ii'iSP  =  crew  x  insp 

CWX-13L  =  crew  x  ml  si 

OWX.ITBF  -  crew  x  ntof 
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The  names  used  during  the  rest  of  the  analysis  for  the  dependent 


variables  are: 

average  percentage  of  available  launchers  (AVAIL) 
sortie  generation  time  (3SSri'1) 

Tne  regression  analysis  was  done  using  the  SPSS  statistical  package 

on  the  aS3  Cyber  Computer.  The  input  data,  input  program  and  summary 

output  tables  are  Included  In  Appendix  £. 

To  determine  If  a  linear  relationship  between  the  independent  and 

dependant  variables  was  appropriate,  a  scattergram  function  of  SPSS  was 

used  to  produce  plots  of  each  independent  variable  with  the  dependent 

variables.  All  the  plots  indicated  linear  relationships  except  the  plot 

of  AVAIL  vs.  MIBF.  To  obtain  Linearity,  new  variaDles  ware  created  by 

using  logarithmic  transformations: 

LNMTBF  =  Ll(MTBF) 

LG'-ITBF  =  LSIO(.'ITBF) 

The  scattergram  function  was  rerun  and  the  plot  of  AVAIL  vs.  LGMTBF 
appeared  to  nave  a  linear  relationship. 

Availability 

Aval  la bl Li ty  can  be  explained  with  the  following  equation: 

AVAIL  =  1  .034  i-  )  .  395(LG  di.'BF )  +  3.316(113?) 

where 

Variable  definition  tinge 

AVAIL  A  ot  launcners  available  k 

LSdro?  log  oc  tne  di'SF  in  years  .15,.  61 

I  IS?  r  of  tines  eacn  launcher 

Is  inspects!  oer  year  .54,2.13 

k 

LG.drBF  will  be  negative  tor  this  range  of  dfBF. 


Almost  95£  of  the  variation  In  availability  can  be  explained  oy 
this  regression  equation.  Although  the  Initial  results  indicated  that 
LEVEL  and  CWXINSP  were  significant,  these  did  not  enter  the  regression 
equa  tion. 

Generation  Time 

Generation  time  can  be  explained  with  the  following  aquation: 

GEM  TIM  =  74.919  -  2.733(CREW)  +  2.05L(L0AD)  -  J7 . 1 94  ( MTBF) 

-  5.317 (LEVEL)  -  0 . 17 1  (CWKI.MS?)  +  0 . 143(CWXM5L) 

+•  1 .629(G<JXMr3?)  +  0.377  (CWKLEVL) 

where 


Variable 

Oef ini tion 

Range 

GEM  TIM 

generation  time  in  hours 

CREW 

4  of  crews 

3,12 

LOAD 

most  likely  time  In  hours  to 

load  a  launcher 

1.0,1. 5 

MTBF 

mean  time  between  failures  In 

years 

.15, .51 

LEVEL 

level  of  repair  (flight  line 

repair  *3,  otherwise  =2) 

2  or  3 

CWXINSP 

//  of  load  crews  x  frequency 

of  Inspections 

.54,2.13 

CWKM3L 

4  of  load  crews  x  most  likely 

time  to  exchange  a  missile 

l .  5 , 3 . 5 . 

CW:<  MTBF 

4  of  load  crews  x  MFBF 

Cw'aLEVL 

9  of  load  crews  x  level  of 
repair 

This  regression  equation  explains  /5d  of  the  variation  in  genera¬ 
tion  tine.  Although  the  Initial  results  indicated  tnat  CO-IP  was  sig¬ 
nificant,  It  did  not  enter  the  regression  equation.  The  easiest  wiy  to 
evaluate  now  mucn  effect  each  of  the  factors  being  evaluated  has,  Is  to 


Laval  of  repair,  and  hTBF  which  are  needed  to  achieve  a  35  hoar  average 
generation  time. 

Figure  9  shows  how  to  raad  the  graph  wnen  the  hfBF  is  .3  years  (or 
2,539  hours).  The  MT8F  Lina  Intersect  four  contours,  whlcn  means  there 
are  four  possible  combinations  wnicn  yield  the  same  generation  time. 
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The  combinations  from  Figure  9  are  summarized  In  Table  5. 


Table  5 

Combinations  Yielding  a  35  Hour  GENTIM  (ITdF^.3) 


l 

2 

3 

4 

easy 

3 

ID 

11 

12 

IMSP 

2 

2 

1 

1 

LEVEL 

3 

2 

— 

3 

,  ■■  - 

2 

-  ■  J 

Con  tour 
useful  wnan 


Maps  can  be  drawn  for  any  level  of  GEMTIM,  and  can 
dealing  with  the  question  "what  Is  needed  to  achieve 


specific  generation  time?" 


VI. 


Conclusions  and  Xecommenda tions 
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Conclusions 

The  research  questions  posed  In  Chapter  I  can  be  answered  from  the 
analysis  In  Chapter  V. 

1)  What  is  the  expected  availability  of  the  CSAL  when  used  on  the 
(3-52  aircraft;  when  used  on  the  B-l  aircraft?  The  average  percentage 
of  launchers  in  working  order  at  any  given  tine,  using  the  failure  rates 
predicted  by  Boeing,  Is  .902  for  the  3-52  and  .917  for  the  3-1.  with 
less  optimistic  failures  rates  (Boeing's  allocated  rates)  the  availa¬ 
bility  drops  to  .746  for  the  B-32  and  .343  for  the  B-l.  The  B-l  Is 
higher  because  the  power  drive  unit  (PDU)  and  the  PDU  controller  are 
considered  a  part  of  tne  aircraft,  rather  than  part  of  the  launcher. 

2)  What  is  the  sortie  generation  time  whan  used  on  the  B—  52;  when 

used  on  the  3-L?  Using  the  maintenance  concept  and  the  current  resour¬ 
ces  for  the  S3.4M  launcher  as  a  baseline  for  prediction,  the  average 

sortie  generation  time  predicted  by  tne  model  13  approximately  39.5 
hours  for  the  3-52  and  39.3  hours  for  the  3-1.  However,  as  mentioned  In 
tne  validation  section,  the  generation  times  appear  to  be  about  L0-2J'l 
too  high.  Mthough  the  availability  of  the  8-52  was  Lower  (caused  oy 
the  PDU  and  PDU  controller),  this  does  not  have  much  effect  in  the 

generation  time.  This  is  because  failures  on  the  ?DJ  controller  can  be 
detected  and  repaired  (If  necessary)  every  time  the  aircraft  is  clown, 
whereas  failures  on  the  other  subsystems  are  detected  only  during  the 
generation  exercises  or  Inspections. 

3)  ilow  much  effect  does  the  number  of  load  crews  have  on  tne 

generation  time?  Of  ill  the  factors  In  this  analysis,  the  number  of 
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Load  crews  can  have  the  roost  significant  impact.  For  every  unit  in¬ 
crease  in  the  number  of  crews,  there  is  a  1-52  decrease  in  the  genera¬ 
tion  time.  This  decrease  is  more  pronounced  when  the  HTBF  is  low  and/or 
when  the  maintenance  concept  does  not  permit  flight  line  repair. 

4)  How  much  effect  does  the  number  of  iHLTs  have  on  the  generation 
time?  The  results  of  this  analysis  indicate  that  increasing  the  number 
of  available  MLTs  above  eight  does  not  significantly  reduce  the  genera¬ 
tion  time.  although  a  launcher  might  have  to  wait  for  an  HLT  at  the 
weapon  storage  area,  it  may  have  to  wait  for  a  load  crew  or  for  a  3-52, 
if  an  MLT  were  available  and  the  launcher  were  transported  to  the  flight 
line . 

5)  low  much  effect  does  the  level  of  repair  have  on  the  generation 
time?  Changing  to  a  3-level  maintenance  policy  causes  a  2-62  decrease 
in  the  generation  time.  The  maximum  decrease  occurs  when  there  are  only 
eight  load  crews. 

6)  How  much  effect  does  the  frequency  of  launcher  Inspections  have 
on  the  generation  time?  Increasing  the  frequency  of  inspections  from 
once  a  year  to  twice  a  year  decreases  the  time  by  3-52.  Decreasing  the 
frequency  to  once  every  two  years  increases  the  time  by  1-32. 

7)  How  much  effect  does  the  ftequencv  of  launcher  Inspections  have 
on  the  availability?  The  regression  equation  indicates  the  frequency 
of  Inspections  nas  an  effect  on  the  availability,  out  this  effect  Is 
very  small.  Increasing  the  frequency  from  once  a  year  to  twice  a  year 
increases  the  average  percentage  of  available  launchers  by  less  than  IX. 

In  summary,  tne  number  of  load  crews  has  the  nost  impact  on  gener¬ 
ation  time.  frade-offs  can  be  aade  among  the  number  of  craws,  the  level 
of  repair  and  the  frequency  of  Inspections  in  order  to  achieve  a 
soeclflc  generation  time,  \valla5lllty  can  be  explained  almost  entirely 
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as  a  function  of  MTBF,  with  the  frequency  of  inspections  having  a  slight 
lmpac  t. 

kecommenda tions  for  Future  Analysis 

Thera  are  three  areas  which  warrant  more  analysis  -  the  number  of 
MLTs,  spare  parts,  and  the  frequency  of  Inspections. 

The  fact  that  the  number  of  MLTs  did  not  affect  the  generation 
times,  even  though  people  who  work  with  the  system  feel  they  are  a 
limiting  resource,  may  indicate  that  the  MLTs  were  not  modeled  correctly 

or  that  the  transport  time  estimates  are  too  low.  This  area  could  be 

ra-evalua  tad. 

The  Inclusion  of  spare  parts  for  the  two  components  which  can  be 
removed  and  replaced  on  the  flight  line  (MIU  and  relay  assembler)  could 
be  added  with  minor  changes  to  the  network.  The  spare  parts  could  be 

modeled  as  entitles  which  would  be  held  in  a  queue  node  until  needed;  a 

natch  node  would  match  the  spare  with  the  launcher  when  a  failure  has 
occurred;  the  entity  representing  the  failed  spare  would  flow  through  a 
decision  node  which  would  represent  whether  the  spare  was  to  be  repaired 
at  the  depot  or  at  the  IMF;  after  reoalr  it  would  be  routed  back  to  the 
queue  node. 

The  C33.L  was  modeled  so  that  when  the  launcher  was  inspected,  the 
nisslles  were  Inspected  also.  The  fact  that  the  frequency  of  periodic 
inspections  nad  more  effect  on  the  generation  time  than  the  availability 
(which  only  checks  the  status  of  the  launchers)  indicates  that  the 
Inspections  had  more  of  an  Impact  on  the  nisslles  than  on  the  launchers. 
The  analysis  could  be  repeated  testing  the  affects  of  inspecting  the 
nisslles  twice  a  year,  but  only  inspecting  the  launchers  once  1  year. 
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SLAM  .>Jetwork  Symbols 


SLAM  Network  Symbols  and  Statements 
for  Discrete  Modeling 


Symbol 


accumulate 


Statement 


ACCUMULATE.  FR,  SR 
SAVE.  M. 


~*°*  ’ST°  ■  ACTTVTTY  (NI  A.  OUR. 

•*;  _v  PROS  or  CONO,  NL8L. 

■  \  assign.  var=value. 

'  7  1  var«value  m. 

^ COLCT.  TYPE  or  VAR  10. 

■■ _ _ — - - u  ncel/mlow/mwid  m. 

ret 

CREATE.  TBC  TF.  MA.  MC.  M 


MATCM 


GOON.  M. 

MATCH.  NATR.  QLBL/NLBL 


QUEUE  HR)  IQ  QC.  BLOCK 
or  BALK  (NLBU.  SLBLa 


List  of  varvabies  functions  from  which  assignment 
values  can  be  obtained 


Vwubte  Function _ Definition  _ 


Constant  A  constant  real  value 

TNOW  Current  t*me 

ATRlBtll  Annbute  l  o f  current  entity 

SS<li  Value  of  state  variable  I 

DOfll  Value  of  the  derivative  of  state  variable  l 

XXfl)  Value  of  global  variable  l 

NNACT(t)  Number  of  active  entities  m  activity  I  at  current  time 

NNCNT(I)  The  number  of  entities  that  have  completed  activity  I 

NNGATfGLBU  Status  of  gate  GlBL  at  current  time  0  -  open  1  ♦  closed 

NNRSQRLBL)  Current  number  at  units  yt  resource  type  RLBL  available 

NNQfl)  Number  of  entities  in  file  1  at  the  current  time 

STOPAU)  Specifies  the  end  of  an  activity  upon  a  call  to  subroutine  STOPA<J) 

H  An  integer  global  variable 

USERRI)  A  sample  obtained  from  the  user- written  function  I 

R6U0  Specifies  the  completion  of  an  activity  upon  release  of  node  I 


Definitions  of  soma  important  discrete  event  variables. 


Variable 


Definition 


SELECT.  QSR.  SSR.  BLOCK 
or  BALK  (NBU  QLBLs. 


SELECT 

VARIATIONS 


TERMINATE 


VW  m  m 


>-< 


TERMS4ATE.  TC 


GATE  kutj  o»i> 


-—.i  ALTER.  RLBL'CC.M 

CC  ,  y  ■  * 

AWAIT  (ELL  RLBL/ UR  or 
.  GLBL  M: 

^  CLOSE.  GLBL.M. 

FREE.  RLBLTJF.  M; 

— T  i  GATE/GLBL  OPEN  or 
— - ■ -  CLOSE.  WL%. 

5  OPEN.  GlBL.  M. 

T\  PREEMPT  (IFU/PR.  RLBL. 


PREEMPT  C"'  \  — ™  ■/  SNLBL.  NATR.  M; 

RESOURCE  |  AA'AQ '  »u  j  -m  |  RESOURCE /RLBL  (IRC).  IFL* 

Nodes  for  Combined  Modeling 


NSET/OSET 
NT  APE 
TNLW 
TNEXT 

xxro 


Buffer  for  the  Ith  pnnbute  value  of  an  entry  to  be  maenad  or  re¬ 
moved  from  the  Me  storage  area 

Set  by  me  user  ip  -I  to  atop  a  mxiietoo  run  before  time  TTFIN 
The  Me  number  of  the  eeni  calendar 

The  unn  number  from  which  SLAM  mput  statements  are  read 

Normally  set  to  5  to  denote  the  cenfraadar 

The  number  of  the  current  aimuiehon  run 

The  dimension  of  the  arrays  NSET/QSET 

The  unit  number  to  which  SLAM  ou*ut « to  be  arisen.  NormePy 

eat  to  6  to  denote  the  imapnnter 

Equtvalenced  array*  employed  by  SLAM  for  storing  file  aranea 

The  unit  number  of  •  scratch  tape 

The  voiue  of  current  simulated  time 

The  time  of  the  nett  scheduled  docrete  event 

The  im  global  variable  Time  pervetem  statistics  vwN  ‘e  aoiected 

if  XXfl)  is  specified  on  the  TIMST  input  statement 


Random  Sampling  Functions 


ORANOftSl 
EX  PON  (XMEAN  fS» 

UNFRM  (ULO.UHI  IS) 

WEIBI  (BETA  ALPHA  IS) 
TRIAG  (XLO.XMODE.XHI.IS) 
RNORM  IXMN.STO.IS) 
RLOGN  (XMN  STD  IS) 
ERLNG  (EMN  XK.lS) 

GAMA  (BET  A.  ALPHA.  IS) 
BETA  (THETA.  PHI  .IS) 

NPSSN  (XMN  IS) 


A  pseudo  random  number 
A  sample  from  an  exponential  distribution 
A  sample  from  a  uniform  distribution 
A  sample  from  a  WeOull  do  tr  but  ion 
A  sample  from  a  triangular  distribution 
A  sample  from  a  normal  distribution 
A  sample  from  a  lognormal  disr button 
A  sample  from  an  Erlang  dotritmtion 
A  sample  from  a  gamma  distribution 
A  sample  from  a  beta  distribution 
A  sample  from  a  Pooson  dstnbJtion 


OCTtCT 

■  v«f  j|  «rcTl»»i 

DETECT XVA/LXDtR  VALUE. 

SLAM  Library  of  Subprograms 

XTOLM. 

Sufeoutme  COLCT  (XVAL  laCTI 

l\  r"v 

.  Subroutine  COPY  (NRANK.  IFILE.  A) 

ENTER 

puV  *  , 

ENTER. NUM.M. 

Subroutine  HLEM  (IFILE  A) 

Function  NFIND  (NRANK  IFILE.  NATR  MCODE.  X  TOU 

y — ' 

Subroutine  RMOVE  (NRANK  (FILE  Al 

EVENT 

• 

EVENT  JEVNT.M; 

Subroutine  SCHDL  IJEVNT,  DT  A) 

Subroutine  STOPAII) 

Appendix  jj 

CSRL  Model  and  3utput 


This  appendix  contains  the  CSRL  simulation  nodal  developed  for  this 
study.  Both  the  Lnput  and  output  flies  are  listed. 

The  first  section  lists  the  CSRL  FORTRAM  code  which  is  conoosed  of 
the  following  subroutines: 


INfLC 

c\GH 

ORIGSN 

AVGFRf 


EVEM  f 
MS WALT 
URGE. 'I 
CdKMIS 


AVAIL 

P3UCHX 

AMIMS? 

CrKSCd 


All  of  the  subroutines  are  explained  in  the  FORTRAN  code. 

The  next  section  lists  the  CSRL  SLAM  code  and  the  GSRL  SLAM  network, 
diagrams.  The  SLAM  code  has  been  modularized  into  the  following 
functions: 


simulation  control  statements  -  beginning 

definitions  of  variables,  files,  and  resources 

storage  (STS)  and  alert  (ALT)  queques 

repair  network  (RE?) 

missile  exchange  network  ( EXCHG) 

generation  network  (GEM) 

post  generation  networx  (PSTG) 

annual  launcher  inspection  (ALI)  network 

shift  network 

simulation  control  statements  -  ending 


In  a  las 

t 

section  lists  the  si 

gnit leant 

output  ge 

ae 

rated  by  tne  GSRL 

mode  1 

.  The 

mode  1 

generates 

three 

output  fi 

las;  "cs 

cl 

.out”,  "csrlall", 

and 

"csrlav 

g" 

• 

The  "csrl 

.  Oil  t“ 

file  is  i 

SLAM  gener 

a  ted  output  file 

wnich 

contai 

ns 

the 

following: 

l . 

statistics  for 

ti  me- 

per si s  tan  t 

variable 

s 

2. 

file 

s  ta  ti  s  tics 

( qua 

qua  and  await  files 

) 

3. 

activity  statis 

tics 

4 . 

resource  statis 

tics 

5. 

ga  te 

s  ta  ti s  tics 

( shl 

f  t  con  trol 

gate) 

5 . 

tabl 

e  and/or  pi 

ot  of 

AVAIL  v 3 

mu 

Only 

the  s  ta 

ti 

3  tic 

s  for  items 

i  ,  '■* 

,  and  6  ac 

e  include 

d 

in  this  appendix. 
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The  "csrlall"  and  "csrlavg"  flies  are  output  flies  generated  by  the 
FORTRAN  code.  The  "csrlall"  file  contains  tha  generation  tines  for  each 
launcher  and  the  availability  values  taxen  randomly.  This  appendix  only 
lists  a  sample  of  the  output  contained  in  tnis  file.  fne  'csrlavg  file 
contains  the  average  generation  time  and  average  availability  for  the 
simulation  run  time. 

To  run  the  CSRL  model  on  the  VAX  11/730  computer  at  AFIT,  the  user 
must  first  create  the  two  PORTIAS  files  "csrlall"  and  "csrlavg",  and 
compile  the  FORTRAN  modal.  The  compile  command  is  given  below: 

f 7 7  -c  csrl.fS 

The  run  command  for  the  CSRL  modal  is  as  follows: 

slamle  -1  csrl  -m  csrl.o  -o  csrl.outS 

whe  re 

csrl  is  the  SLAM  input  code, 

csrl.o  is  the  compiled  FORTRAN  code, 

csrl. out  is  the  output  file  tha  SLAM  code  writes  to. 

If  the  last  option  (-o  csrl. out)  is  omitted  from  the  run  command,  SLAM 

will  writa  to  a  file  called  SLAMOJT. 


a******************************************************************''**' 

* 
* 


Main  program  for  csrl  sl3m  na  tworx 


Contents  of  Output  Files: 

CSRLAVG  -  this  contains  the  average  availability  and  * 

the  average  generation  times  * 

*  C3RLALL  -  this  contains  the  generation  times  for  each  * 

*  launcher,  and  the  availability  values  fatten  * 

*  randomly  * 

********************************************************************** 

program  main 
dimension  nset(l200Q) 

common/ 3coml /a tr ib( 1 JO ) , dd( 100 ) , idl ( 100 ) , d tnow, ii ,mfa,mstop,nclnr 
1 , ncrdr, nprnt, nnrun, nnse t,ntaoe,ss(100),ssl(100), tnex t, tnow,xx( 100 ) 
common  qset( 12000) 
equiva lance (nset( 1 ) , qse  t( 1 ) ) 
e qui vale nee ( si mend, xx(3 ) ) 
nnse  t=12000 
ncrdr=5 

open(3 , f  t le='csrlavg' , s  ta  tusa' old' ) 

open(J,file='csrlall',statU3a'oiJ') 

nprnt=6 

ntape=*7 

opan(  7 ,  s  ta  tus='scra  ten' ) 
call  slam 
s  top 
end 

*********************** ************************* *„-****************x***** 

V  HTLC  * 

************************#*****<***** ************ *r ********************** 

subroutine  Intlc 

common/ scoml /a trib( 100) ,dd( 100 ) , ddl( 100) , d tnow, ii ,mf a ,ms  top, nclnr 
1 , ncrdr , nprnt, nnrun, nnse  t,ntape,ss(100),ssl(100), tnex t, tnow, xx( 100) 
common/ucoml/nogen, totgen.avgen 
common/ucom2/avc  tr, totavl.avavl 
3quivalence( simend,  <x(d) ) 

k kkkk  k k k  k  k k  k  kk  k  kk  k k  kk k k k k k k  k k k  kkkk  k  k  k k  k  k  k k kk kkkk  k  k k  k  k  k  k  k  k  k k k  k k  k k k  V  k k  k k  k  k 

*  variables:  * 


oinsp  =  Oil  insp  time 

qctr  =  qtrly  insp  c  tr 

achk  *  availability  check,  tine 

altchk  *  alert  time  for  sending 

bgyr  =  time  at  beg  of  yr 

t, L  -  c  trs 

totgen=  sun  of  generation  tines 
nogen  =  </  of  generations 
avgen  =  average  generation  tine 


qinsp  =  qtrly  insp  time  * 

all  =  annual  launener  Insp  tine* 
simend*  sim  end  tine  =  xx(3)  * 

avenk  =  avail,  tine  for  schiing 
bgqtr  =  tine  at  beg  of  qtrs  * 

xx(i)  =  mean  failure  for  l tn  part* 
totavl  =  sum  of  avail,  checks 
avetr  =  ./  of  avail,  cheats 
avavl  =  average  availaDlllty  * 


kk kkkkkk k k k k k k k k k k k kk k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k kkkk k k k k k 
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real  sLaand,oinsp,qlnsp,alt,avcnk,altchk 

Integer  k,l 
qlnsp=0 .0 
oinsp=0 .  J 
qctr  =0.0 
bgqtr=0.0 
1=0 
:<=o 

ali=0 .0 
achk=0 . 0 
avchk=0 .0 
al tchk=0 .0 
to  tgen=0 .0 
nogea=0 .0 
avgan=0 .0 
a  vc  tr=9 . 0 
totavl=0 .0 
avavl=0 .0 

assign  launcher  ,  sabs/s  te.u  and  nissile  failures  for  15  launcher 

Jo  10  i  =1,16 

a  tri  b(  1 )  =1 
do  20  j  =6 , 1 3 

a  trlb(  j  )  =  tnou4-expon(xx(  13) ,  1 ) 
continue 
Jo  25  j  =1 4 , 20 

a  trlb( j )  =  tnow4-expon(xx( j ) , 1 ) 
continue 

assign  annual  launcher  inspection  every  3  weeks*** 
k=k-*-l 

a  trib( 2)=k*xx( 7 ) 

assign  5  launchers  to  alert  aircraft  that  aren't  due  an  annual 
inspection  for  90  days(flle  3)  -  assign  the  rest  to  storage 
(file  l)*** 

if (1 . 1 t. 5 .and. a trlb(2) . gt. 2160 .0 )  then 
atrio(4)=tnow-xx(7 )*1 

atrib(4)  is  the  tine  the  launcher  went  on  alert*** 
a  trib( 5)=3.0 
1  =  1-K 

call  f ilem( 3 ,atrib) 

else 

a trib( 5)=0. ) 
call  f ilen( 2 , a  trio) 
endi  f 
continue 

1  enl  assigning  atrlbs  to  launchers  ***** 

Jr**  kick 

'  sc hsduls  events  ****** 

if  .*  rC  *%  t% 

schedula  to  print  averages  *** 
call  schdl( 7  ,  siaiend ,a  trlb) 

schedule  first  ocL  during  second  quarter  *** 
olnsp=unf r n( 2160 .0 ,4320 . 0 ,6 ) 


ca'L  schdl(4 , olasp.a trio) 

***  schedule  subsequent  orl's  10-15  months  apart  *** 
30  If (olnsp. le. slmend) then 

olnsp3olnsp+unf rm( 7320 .0 , 10930 .0 ,6) 
call  schdl(4,olnsp,atrib) 

30  to  30 

endif 


***  schedule  quarterly  inspection  *** 

40  if (qinsp. la. si.aend)  tnen 

qinsp=bgq  tr+unf rm(9 . J ,2150.0,6) 
evtlng=100 . 0 

call  chksch(qinsp, evtlng) 
call  sehdl( 5, qinsp, a  trio) 
qc  tr=qc tr-t-1 .9 
Dgq  tr=qc  tr*2160 .0 
30  to  40 
endif 

***  schedule  annual  launcher  inspection 

k=0 

50  if (all . le . slmend)  then 

k=kH 

if  (k.gt.190)  then 

print*, 'more  than  130  inspections  scheduled' 

30  to  60 
endif 

all3k*xx(7) 
av  tlns»29 .9 

call  chksch(all , evtlng) 
call  schdl(6 , all , a  tri  o) 
go  to  50 
endif 

***  schedule  check  and  exchange  of  alert  launcher  weekly  (163  hrs) 

***  launcher  is  exchanged  after  90  days  or  if  failure  has  occured*** 

60  if (al tchk. le . simend)  then 
a  1 tchk=al tchktlS  3 .0 
call  scndl ( 3 , al tchk , a tri 0) 
go  to  5  3 
endif 

•VJf*  schedule  randou  availability  cnecks~~" 

70  I f (avcnk. le . si nend)  tnen 

a  vchk3avcnk*-unf  cm  (3 .3,  1  300 .0 , 5 ) 
call  schdl( 1 ,avchk,a trio) 

30  to  70 
endi  c 

This  section  will  pcint  tne  event  calendar  by  deleting  in 
col  1. 

next=  a.nfe(nclnr) 
if (next.eq.J.0)  go  to  93 
call  copy(-next, l , a trib) 
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*  print*,  'event  code  =  ' ,  a  trib(xx(  2  5)-t-l ) 

*  print*, 'event  tine  =  ' ,atrlb(xx(25)+2) 

*  next=nsucr(next) 

*  30  to  30 

*  90  continue 

****  set  up  output  file  *** 

wrlteluni  t=9, f.nt=100 ) 

100  forma  t(  lx,  lx, '  MO^'  ,  3x ,  '.WML'  ,  3x,  '#  OBS'  ,  2x , '  TOTAL'  ,  3x, '  TNOW'  , 
f  3x,  '*?  GE:r  ,lx,'3£:lTIM',lx,'>/OBS','  TOTAL') 

wr  1  te(  uni  t=9,  fm  t=110 )  xx(  39) ,  .<x(40 ) 

IL3  format(lx,2x,2f5.4) 

re  turn 
end 


kkkk  ********  kkkkkk-k  kk  k  k  k  k  kk  k  k kkk kkk kkk  k  kkkk  kkkkkkkk  kick  kkkk  kkkkk  k  k  kkkkkk 

k  e^ent 

k k k kk k k k k kk kkkk  kkkk kkkkkkkk kk k kkkk kkkkk kkkkk kkk kkkk kk kk k kkkkkkkkkkkk kk k 

suoroutine  event(l) 

common/ scoral/a  trl b( 133 ) , dd( 100 ) , ddl( 130 ) , d tnow, 11 , mfa.ms  top, nclnr 
l,ncrdr,nprnt, nnrun, nnsat,ntapa,ss(100),3sl(103) , tnext, tnow,xx( 100 ) 

equ 1 vale nee ( sLnend, xx( 3 ) ) 
go  to  (1, 2, 3, 4, 5, 6, 7, 3),  1 

1  call  avail 

re  turn 

2  call  ganrpt 

re  turn 

3  call  exchg 

ca  turn 

4  call  origan 

ra  turn 

5  call  qtrgen 

re  turn 

5  call  aninsp 

ra  turn 

7  call  avgpet 

re  turn 

3  call  cax-nis 

re  turn 
end 


k  kkkk  kkkkkkkk  kkkkk  kkk kkk kkkk kkkkk  xk  kk  kk  kkkkk  k  kk  kk  x  kk  kk  k  kk-kkkk  kkkkk  kk  kkkk 

■'  VAIL  (event  1)  * 

•V  kk  k  k  k  k  k  k  kk  kk  k  kk  k  k  kkk  kk  kkk  kkk  k  k  kkkkk  kkkkk  kk  kkk  kx  kk  k  k  k  kk  kkk  k  kk  kk  k  kk  k  k  k  kk  k 

r  This  subroutine  checks  the  status  of  the  launeners  in  storage 

(fLle  2)  and  on  alert(flla  3)  to  see  if  3ny  have  failed;  it  * 

*  calculates  t.ne  percent  available.  * 


'<  k  k  -k  k  k  k  kk  kkk  k  k  k  kkkk  kkk  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  kkkk  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  A 


:  kk  k  k  k  kk  k 


subroutine  avail 

common/ 3coml /a  trl b(  100 ) ,  dd(  1 00 ) ,  ddi ( 100 ) ,  d tno  v,  1 1 , ,mf a  ,ms  top,  nclnr 
l ,ncrdr,nprnt, nnrun, nnset,ntape,ss(100),ssl( 100 ) , tnax  t, tnow , xx( 100 ) 
counon/ucoin2/ ivc  tr  ,  tot.avL  ,avavi 
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2quivalenca( simend ,xx( 3 ) ) 

If  ( tnow.  le .  720 .0 . or. xx(  12 ) .  g t.0 .3 )  go  to  50 
******  Determine  availabilty  of  launchers  in  storage  ***** 

1  next  =  mmfe(2) 
xx(l)  “0.0 

10  if  (next  .eq.  0.0)  go  to  20 
******  have  accessed  last  entry  -  search  ends 
call  copy(-next,2,atrib) 
do  12  1=14,20 

if (a trio(l ) . 1 t. tnow)  go  to  17 

*  it  component  has  failed  its  not  avail,  cnecic  next  launcher 
12  continue 

*  no  failures  for  this  launcher  -  increment  it  avail 
xx( l )=xx( 1 )+l .0 

17  next  =  nsucr(next) 
go  to  10 
20  continue 

*  determine  avail  of  launchers  on  4LT 
next  =  mmfe(3) 

30  if  (next  .eq.  0.0)  go  to  40 
******  have  accessed  last  entry  -  search  ends 
call  copy(-next,3,atrlb) 
do  32  1=14,20 

if (a trib(i ) . 1 t. tnow)  go  to  37 
32  continue 

xx(l  )=xx(  1)H  .0 
37  next  =  nsucr(next) 
go  to  30 
40  continue 
•'<  compute  Z  avail 

xx( 2 )  =  xx(l )/15 .0 

*  update  average  avail 
avc  tr=avc  trH  .0 

to  tavl  =  to  ta vl+xx( 2 ) 
avavi=totavl/avc  tr 

vri te ( uni t=9, fm t=200 )  tnow,xx( 2) , avc  tr , to  tav! 

200  forma  t(lx,f6.0,2x,f5.3,2x,f3.0,2x,f7.3) 

50  continue 


re  turn 
"■ad 
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k  0E-Jil?r  (event  2)  * 
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This  subroutine  calculates  the  time  it  toox  to  generate  each 
aircraft  and  computes  the  average  tine  to  generate  11  aircraft.  k 

k  k  k  k  k  k  k  k  k  k  k  k  k  k  kk  k  k  k  kk  k  k  k  k  kkkk  k  k  k-k  k.<  k  k  k  k  k  kkkk  k  k  kkk  k  kkk  kkk  kkkk  kkk  kk  k  k  k  k  k  k 


subroutine  genrpt 

common/ scoml /a  tr  lb(  1 30 ) ,  dd(  100 ) ,  Jdl  ( 100 ) ,  d  tnow,  l  L  ,.af  a  ,ms  top,  nclnr 
1 , ncrdr , nprn t, nnrun, nnse  t, n tape , ss( 1 00 ) , ssl (100 ) , tnex  t, tnow, x<( 100 ) 
comnon/ucoml / nogen,  to tgen,  avgen 
equi vale nee ( si nend ,xx( 3 ) ) 
if  (atrlb(3)  .eq.  1.0)  then 
0-U  JENEAUTO:! 
gen tln=tnow-xx( 22 ) 


kkk  kk 


If  (atrib(3)  .  eq.  2.0)  then 
*****  QUA^TS&Lf  j£'4ES.Af lO.'i 

gentim=tnow-xx( 21 ) 

endlf 

If (xx(3) . gt. 10.0)  than 

*  update  average  gen  tin 
nogen=nogen+l . 0 

to  tgen=  to  tge  n-t-gen  tim 
a  vge  n=  to  tge  a/  noge  a 
end  if 

wrl te(uni  t=9 ,  fmt=330 )  a  tr  l  o(  1 ) ,  tnow, xx( 3 ) ,  gen tim,  nogaa, 

+  totgea 

300  forma  t(lx,27x, f3 .0 , lx, f6 . 3 , 2x, f 3 .0, lx, f 5. 1 , 2x,  13 ,  lx,  f6 . 1 ) 

re  turn 
and 

k  kkkkirkkic  kk  k  kk  kiek-kk  k  kkk  kk  kkk  kkkkk  k-k  k  k  k  kkkkkk  kkkkk  k  Jr  kkkk  kkk  kkkkkk kkkkkk kk 

*  fiXCHG  (event  3)  k 

kkk kkkkkk kkk kkkkkkkkkk kkkkkk kkkk  kkkkkk  kkkkk  kkkk kkk  k  kkkkk  kk  kkk kkk kkkk kkkk 

*  This  subroutine  checks  to  sea  how  long  an  aircraft  has  been  on  * 

*  alert;  if  :nore  than  90  days,  it  goes  to  storage  and  Mi£<J.\Lf  is  * 

*  called.  If  Lass  than  90  days,  it  is  checked  for  failures.  All  * 

*  the  launchers  are  checked  for  pdu  failures.  * 

****************** ********************************** ******************** 

subroutine  axchg 

common/ sco-nl/ a  trlb(  100 )  ,dd(  100 ) ,ddl( 100) , dtnow, li,mfa,ms top,nclnr 
1 ,  ncrdr ,  nprnt,.nnrun,  nnsa  t,ntape,ss(100),ssl(100),  tnext,  tnow,xx(  100) 
equivalence  (si-mend,  xx(3) ) 
if  (xx( 12) . ge.  1 .0 )  go  to  30 

*  whan  G£N  is  in  progress  SXCHG  is  not  performed 
call  pduchk 

*  check  for  pdu  failures 
nochgd=0 

*  check  alt  time  for  alt  a/c  St  check  all  alt  a/c  for  failures 
5  next=m.nfe(3) 

if  (next.eq.0)  go  to  10 
call  cmove(-naxt, 3 , atrlb) 
al ttL  n=tnow-atrio( 4) 
if  (ai  tti-n.  ge .  2010 .0)  tnen 
atrib(5)=0.0 
nochgd=nochgdH  .0 
call  f  Lle.n(  13  ,a  tci  b) 

else 

call  f iiem( l 3 ,a trib) 

endlf 


continue 

if  (nochgd. 1 t. 1 )  go  to  30 
do  20  1=1, nochgd 

replace  every  .a/c  coming  off  alt  with  a  new  one 
call  newalt 
continue 
continue 


re  tarn 
and 

********************************************************************-•--** 

*  LZWALr  * 

k  kk k kkk  kk  kkk k  k k k k  kk  kk k k k k k k k  k-k k  k  kk k k  k  k k  kk  kk k  k-kk  kk  k  k k k  k k  kk  k k  ************* 

*  This  subroutine  finds  a  Launcher  which  is  not  dua  an  annual  * 

*  inspection  in  tha  next  90  da/s  and  removes  it  from  storage(file  2)  * 

*  and  pLaces  it  on  ilsrt(file  3).  k 

ic  kk  k  k  :<  k  k!;  k  k  kk  k  k  k  k  ick  kick  k  k  kk  k  k  kit  tokk  kiclcic  k  tele  &  k  kkic  k  k‘kir%it  kk*  k  k  kkk* k*  kkkkkk 

subroutiaa  aewalt 

common/ scoml  /  a  trib(  100 ) ,  dd (1.00 ) ,  ddl(  100 ) , d  tnow,  li ,mfa ,ms  top.nclnr 
1 , ncrdr , nprnt.nnrun, nnse  t,ntape,ss(100),ssl(100), tnext, tnow, xx( 100 ) 
aqu 1 vale nee ( si. mend, xx(  i ) ) 

1=0 

*  check  storage  for  new  alert  l/c 
nex  t=m.'nfe(  2 ) 

10  continue 

call  copy(-naxt,2,atrib) 
if  (atrib(2). gt. tnow+2160.0)  tnen 
call  rmove(-nex t, 2 ,a tr Lb) 

*  found  launcher  not  dua  ALi  in  90  days  for  ALT  duty 
a trib(4)=tnow 

a  trib( 5)=3 .3 
call  filaa(3,atrio) 
go  to  20 
endif 
1=1+1. 0 

if  (i.gt.16)  go  to  20 

*  error  check-  at  most  should  check  15  launchers 

next=nsucr(next) 

go  to  10 
20  continue 

re  turn 
end 

*********************************************************************** 

*  PQUCtU  * 

kkkkkkkkkkkk kkkkkk k  -k  kkkkk kkkkkkk kkkkk kkkkk kkk  kk  k! 1  kkkkkk . kkkk kkk. 'rk kkkkkkk 

*  This  suoroutlna  checks  for  pdu  failuras  by  removing  the  * 

v  tha  launcher  from  storage  (file  2)  and  putting  it  in  tha  network 
*(filal4).  k 

k k kkkkk k k k k k kkkkk kkkkk k kk kkk kkkkk kk kkkkkk kk kkkkkk kkkkkk kkkkk kkk kkkkk kkk 

subroutine  pduchk 

common/ scoml / a  trl o( 100) , dd( LOO ) , ddl ( 1 30 ) , d tnow, ii ,nf a, ms  top, nclnr 
l , ncrdr , npr ut, nnrun, nnse  t, n tape , ss( 100 ), ssl( L00 ) , tnex  t, tnow,xx( LOO ) 


equivalence(slmend,xx(3) ) 

cha-CKS  launchers  in  storage  for  pdu  failure 
3  naxt=n.nfa(2) 

10  if  (next.eq.0)  go  to  30 
call  copy(-nex t, 2 , a trl b) 
if  (a trib( 16 ) . gt. tnow)  tnen 
ne  x  t=n  sue  r  ( ne  <  t ) 
go  to  10 

else 
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xx(22)=tnow 


failure  detected  -  send  to  3.E? 
call  rmove (-nex t, 2 , a trl b) 
a  trlb( 3)-l .0 
atrib(3)-5.0 
call  fllem(5, atrlb) 
continue 


xx(3)=0 .0 
go  to  50 

40  print*, '******00  launchers  In  storage  when  orl  called', tnow 

50  continue 

re  turn 
end 

kkk  k  kkk  kkk  kk  kkk  k  kkk  k*  kkk  kkk  kk  kkkkk  k  kkkkkk  **********  ********************* 

*  iraOEH  (event  5)  * 

kJcjrk'Jrkirkicic  bit  irk  k  k*  ********  kit*  k'k'x-klrk'k'k  *****************  k-kk'kk-k •kint  kkkk  kkk  kk  k 

*  This  subroutine  starts  the  generation  by  placing  the  launcher  * 

*  in  file  5.  * 

kk-k-kkkk  kk-kkkkkkkkkkkkkkkkkkkkkkkk  kkk  kkk  kkkkkk  kkk  kkkkkkkkkkkkkkk-kkkkkkkkk 

subroutine  qtrgen 

common/ sco.nl  /a  trlb(  100 ) ,  dd(  100 )  ,ddl  (100) ,  d  tno  w,  1 1 ,  mfa,  ms  top,  nclnr 
1 , nerdr , nprat, nnrun, nnse t, n tape, ss( 100 ), ssl( 100 ) , tnex t, tnow,xx( 10) ) 

equivalence  ( sl.nend,  xx(3) ) 
xx(12)=l.O 
xx(  21  )=*tnow 
xx(3)=0 .0 
k=nnq(2) 

If  (k.eq.Q)  go  to  40 
do  20  1-1, k 

call  r.nove(l  ,2,atrlb) 
atrib(3)=2. J 
atrlb(5)=5.0  . 
call  f ilem( 5yatrlb) 

20  continue 

xx(21 )=tnow 
xx ( 3 ) -0 .0 
go  to  50 

40  print*, '*****.'lo  liunchers  in  storage  cor  qtrgen*****' 

50  continue 

re  tarn 
end 

kkkk kkkk kkk kkkkkkkkk kkkk kkkk kk kkk k kkk kk  k  k  kk  k  k  kk  k  k k k kkk k k kkkkkk kkkkkkkkk k 

*  \N  I'JS?  (event  6)  * 

*  *  k  it  -k  *  *r  k  it  X  *  k  *  -k  *  k  -fc  k  'k  k  X  X  «  X k  .V  X  k  X  k  k  k  k  k*rk  ’c -X  kkk  XX  k  kkkk-x  k  x  X  k  x  kxk  k  k  k  k  vr  k  k  k  k  k  .Kkkk 

*  This  subroutine  fiuds  ta-e  Liuncbsr  whLch  is  bus  a  a  Inspection  * 

*  and  puts  it  In  the  Inspection  part  of  the  networx(file  4).  * 

kkkkkkkkk  kick  kkkk-kkk  kkk  kkkkkkkkk  kk  k  kkkkkkkkk  kk  kkkk  X  kk-k  kkk  k.ekkkk  kkk  kkkk  kkk 

subroutine  aninsp 

common/ seoml/a trl b( 1 00) , dd( 1 00) , ddl ( 100) , d  tnow, 11 , nf a, ns  top, nclnr 
1 , nerdr , nprnt, nnrun, nnse  t, n  tape, ss( 100 ), ssl( 100 ) , tnex t, tnow,xx( 10) ) 

equival3nca(sl.aend,xx(3) ) 

If  (xx( 12) . ge . 1 .0)  go  to  30 

*  when  GET  is  in  progress,  VnHSP  is  noc  performed 
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*  find  the  launcher  due  an  annual  inspection  and  send  i  t  to  ani.nsp 
nraaK=nf ind(l ,2 ,2 ,0 , tnow, 5.0) 

*  searches  for  ALI  tine  =  tnow  +  5 
i£(nrank.eq.O .0)  go  to  40 

go  to  43 

40  nrank=nf lnd( l ,2 ,2,-2, tnow, 5 .0) 

*  searches  for  AH  time  <  tnow 
if (nrank.eq.O.O)go  to  45 

*  sending  launcher  with  atrlb(2)  =  tnow  to  be  inspected 

43  call  r.nove(nrank,2,atrib) 

*  remove  from  storage;  assign  next  insp  time  based  insp  policy 
a  trib(2)=a  trib(2)v( 16*xx( 7 ) ) 

atrib(5)=4.0 
do  44  1=6,13 

if  (.a  trlb(i) .  1 1.  tnow)  a  trib(  i  )  =  tnow+expon(xx(  1 3 ) ,  1 ) 

*  missile  has  failed  &  was  detected  &  repaired  during  all 

*  assign  next  failure 

44  continue 

call  f ile.n(4,atrib) 

*  send  to  4LI 
go  to  50 

45  print*,'  ******no  launcher  in  stg  with  3ninsp  =' , tnow 
50  continue 

re  turn 
and 


********* *********************************************** **************** 

*  AVOPitr  (avent  /)  * 

************-**************************-******  *********************  ******* 

*  This  subroutine  prints  taa  averages  for  generation  time  and  * 

*  availability.  It  also  prints  a  counter  for  run  #  and  a  code.  * 

************************************************************************ 


subroutine  avgprt 

common/ sco.nl /a  trlo( 100 ) , dd( 100) , ddl( 1 30) ,  d  tnow,  1 1 ,  mf  a ,  ms  top,  nclnr 
1 , ncrdr , nprn t, nnrun.'nnse t,ntape,ss(l00),ssl(100),  tnex t,  tnow, xx(  100 ) 
com non/ ucoml/ nogen, to tgen, avgen 
com  non/ ucom2/avc  tr , totavl ,avavl 


aqul vale nee ( si  mend , xx(3) ) 

c  tr=c  tr-K  OL 

wri te (uni t=3 , f m  t=  200 ) 

200  forma  t(  lx,  '//  033',  lx,'  RIM  C0Q£' , lx, ' AVJcM' , 1 x , ' A7A7L' ) 
write (uni t=3 , fm t=300)c  tr ,xx(39) ,xx(40 ) , avgen.avavl 
300  forma  t( 2x,f 4 . 3 ,1;;,  2f  5.4,  lx,  f  5. 2 ,  lx,  f 5. 4) 
re  turn 
end 


it  it  it  kick  it  it  it  kk  it  k  it  k  it  it  k  it  it  k  k  it  it  '<  k  *  k  tt  kkkk  it  kk  kit  k  it  kk  kit  it  k  it  k  k  it  k  k  kkkk  kkkk k  k  k 


■kkkkk 


*  CiKMlS  (event  4)  k 

***********-************•*************************-***************  ********* 

*  This  subroutine  checks  for  missile  failures  and  counts  how  * 

*  many  need  repair.  * 

*******************************************  ********** ******** *********** 

subroutine  chk.nis 

comnon/scoml /a  trlb( 1 30 ) , dd( 1 30 ) , JdL ( 1 00) , J  tnow, l i , nf a , ns  top, nclnr 
l , ncrdr , nprn  t, nnrun, nnse  t, u tape , ss( 100 ) , ssl( 10 0 ) , tnex  t, taow,xx( 100 ) 


equlvalence(slinend,xx(3) ) 
do  10  i=o,l3 

count  It  of  .nlsslla  failures  S  reassign  failure  tine 
if (a  trlb(l ) . 1 1. tnow) than 
atrlb(22)=a trib(22)+L .0 
a  trib(  1 )  =  tnow+axpon(xx(  13 ) ,  1 ) 
a  nd  If 
contlnua 
re  turn 
end 
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*  CHrCSCli  * 

k  k  k  k  kkkkk  kkkkk  kk  kk  kk  kk  k  kkk  kk  k  k  k  k  kk  kk  k  kkkkkkkk  kk  kk  k  kk  k  kk  k  k  k k  kk  kk  kkkk  k  kkkkk 

k  This  subroutine  checks  the  event  caLervlar  for  schedule  conflicts.  * 

*  Events  are  rescheduled  based  on  a  conservative  estimate  for  the  * 

*  longest  generation  tine.  Events  are  scheduled  so  that  nothing  else  * 

*  occurs  during  a  3Etf  exercise.  * 

A************************************************************************* 

subrou  tine  ch'xsch(  ti  me  ,  av  ting) 

comnon/scoml /a trio(  100 ) ,  dd( 100 ) , ddl ( 100 ) , d tnow,  ll,-nfa,mstop,nclnr 
l , ncrdr , nprn t, nnrun, nnse  t, ntape,ss(100),ssl(100), tnex  t, tnow, xx( 100) 

aqui valence (sirnend,xx( 3) ) 
nex t=nmf a ( nclnr ) 

10  if (naxt.eq.0)  go  to  20 

call  copy(-next, nclnr, atria) 

*****  if  evt  code  is  .le.  0  then  it  is  a  system  leflned  code  so 
*****  want  to  Ignore  it  for  schdl  conflicts 
if  (a  trlb(xx(25)+l ) .  le  .0 .0)  go  to  13 
e v  ttim=a trib(xx(25)+2) 

it  ( (ev ttim.  le  .  tirme+ev  ting) . and.  ( tlme+ev tl ng.  1  e .  ev  r.tlm  +  5J  .0 ) )  then 
ti:ae=e  v  ttin+ >1 .0 

enilf 

L5  if((evttim  . le .  time)  .and.  (time  .le.  evttim+50 .))) then 
ti.ne=evttim+5L .0 
a  ad  l  f 

11  nex c=nsucr (next) 
go  to  10 

20  continue 

ce  turn 
end 


evttim+50 .0 ) ) then 


*********************************************************** ********* 

IMIS  15  Mt  CS3L  SLAM  I3PUT  COOii  * 

* 

Variables  xx(8)  &  xx(25)  .nust  be  initialized  in  intlc  sfcnt  before* 
running  the  C3RL  SLA.'l  nodal.  xx(3)  =  simulation  end  time;  must  * 
be  set  to  the  value  declared  in  the  [MIT  stmt  (this  is  used  to  * 
schedule  events  for  tne  entire  simulation  time).  xx( 25)  =  MATH  * 
which  is  the  second  value  declared  on  the  LIMITS  card.  * 


********************************** ********************************** 


gen,gjerstad  and  oyler ,csrl , 10/06/34 , 1 ,yes , no, yes, no, yes, 72; 
limits, 21 ,23,300; 

i  n  tic ,  xx  ( 1 )  =0 . 0 ,  xx ( 2 )  =0 . 0 ,  xx  ( 3 )  =0 . 3 ,  xx ( 4 )  =0 . 3 ,  xx  ( 5 )  =0 . 0 , ; 
lntlc,xx(5)=2 .0 ,xx( 7 )=504 .0 ,xx(3)=2OQ0O . 3 , 
xx( 12 )»0.0,xx( 13 )=1 1300.0; 

intlc, xx ( 14) =120 2 3 2.0, xx(15) =230 90. 0,xx( 16)= 1067 4.0, 

xx (17)= 43015. 0, xx (13) =3 37 44.0, xx (19) =4 1971.0, xx ( 20 )=23 034.0; 
lntlc,xx(25)=23 .0; 

record, tnow, time ,0 , b, 640. 0,7 20.0, ,yes; 
var ,xx( 2) ,a,avallabi li ty ,0 , 1 ; 
tlms t, xx( 1 ), launchers  avail; 
tlmst,xx( 2) , aval la bill ty; 
tlmst,xx(3) .avail  In  gen; 
timst,xx(5),  time  completed; 
ae  twork; 


******* 


kkk  kkk  k  kkk kk kkk kkk  k  k  k  kkkkk 


kkkkkkkkkkk  k  kkk  kkk  kkkkk kkkkk  k 


Variables: 

xx(l)  launchers  available  (In  storage  &  on  alert  aircraft) 
xx(2)  %  of  launchers  available 

xx(3)  It  of  launchers  available  at  end  of  generation 
xx(4)  tnow,  used  to  calculate  and  of  generation 
xx(5)  tine  to  complete  generation  exercise 
xx ( 5)  maintenance  policy  (1=  fit  line  remove  &  replace, 

2=  no  fit  line  repair) 

xx(7)  time  between  annual  launcher  Inspections 

xx(3)  simulation  and  time,  used  for  scheduling  =  slrnend 

xx(12)  flag  for  generation  exercises 

0.0  =  no  generation  exercises  in  progress 
1.0  =  generation  exercise  is  in  progress 
xx(L3)  missile  mean  failure  rate  =  11300.0, used  for  atrlb(6-13) 
est.  from  AF0I2C 

xx(l4)  to  xx(20)  mean  failure  rates  -  3oeing  estimates 

xx(14)  structure  mean  *  120232.0 

xx(15)  power  drive  unit  =  23090.0 

xx(16)  power  drive  unit  controller  =  10574.3 

x:<(17)  missile  Interface  unit  =  43015.0 

xx(13)  relay  assembly  =  33744.0 

xx(19)  other  electronic/electrical  =  41971.0 

xx(20)  electronic  control  system  =  20034.0 

xx(21)  quarterly  inspection  time 

xx(22)  orl  inspection  time 

xx(23)  time  ests  is  available  for  use 

xx(24)  time  ests  Is  unavailable  for  use  =  24.0  -  xx(23) 

<x(25)  ma tr 


done  (In  gen  network.) 


Atribu  tes: 

(1)  launcher  number 

(2)  time  of  launcher  yearly  Inspection  on  tSTS 

(a  launcher  is  inspected  approx  every  3  wks  =  304  hrs) 

(3)  is  a  coda  for  type  of  generation 

(4)  is  the  time  an  launcher  went  on  alert 

(5)  is  the  file  a  launcher  should  be  returned  to  after  repair 

0.0  -  stg  queue  4.0  -  In  repair 

3.0  -  alt  queue  5.0  -  done  (in  gen  network) 

(6)  time  of  failure  for  missile  1 

(7)  time  of  failure  for  missile  2 

(3)  time  of  failure  for  ntssile  3 

(9)  time  of  failure  for  ntssile  4 

(10)  time  of  failure  for  nissile  5 

(11)  tine  of  failure  for  missile  o 

(12)  time  of  failure  for  missile  7 

(13)  tine  of  failure  for  missile  3 

(14)  time  of  structure  failure 

(15)  tine  of  power  drive  unit  failure 

(16)  time  of  POO  controller  failure 

(17)  time  of  nissile  Interface  unit  EaLlure 
(L3)  time  of  relay  assembly  failure 

(19)  time  of  other  electrical/electronic  failure 

(20)  time  of  environmental  control  system  failure 

(21)  It  of  failures  found  at  one  tine 

(22)  It  of  non- working  missiles  during  generation 

(23)  It  of  failed  missiles  left  unexchanged  during  generation 


Files: 
1  - 
2  - 
3  - 


waiting  for  nit  for  missile  exchg 

la  storage  queue  until  scheduled  to  go  elsewhere 

sent  from  stocage  to  alert  (alt) 

sent  from  storige  to  annual  inspection  (ali) 

sent  from  storage  to  generation  exercise 

waiting  for  nit  for  electronic  repalc 

shif  t  clocx  gate 

crew 

as  ts 

waiting  tor  nit 
waiting  for  nit 
waiting  for  alt 

waiting  for  nit  for  structure  repair 
pdu  queue 

waiting  for  ests  (dummy  after  generation  exercise) 
waiting  for  ests 


17-  waLting  for  ests 
13-  repair  queue 

19-  waiting  for  alt  for  ecs  repair 

20-  waiting  for  alt  for  aid  repair 

21-  waiting  for  alt  for  relay  assembly  repair 

Random  Number  Streams: 

1  -  failures  4 

2  -  repair  times  5 

3  -  load  times  6 

1 

Svents: 

1  -  availability  check  9  -  ori  exercise 

2  -  generation  report  6  -  annual  launcher  inspection 

3  -  exchange  alert  launcher  7  -  average  gentim  &  avg  avail 

4  -  ori  exercise  3  -  checks  missile  failures 

*  *  k  k  k  -k  k  k  k  * -k  *  *  k  *  *  *  k  k  k  k  !;  k  k  *  ,V  k  k  k  k  k  k  k  k  k  k  k  k  k  k  1c  k  k  ★  k  *  k  k  -k  k  -k  -k  k  *  k  k  k  k  k  k  k  k  k  *  k  k  k 

resource/crew(4) ,3 ; 

re  source /ml t( 9), 21, 20, 1,19, 13, 12, 11,19, 6; 
resource/es  ts( 1 ), 15, 17, lb, 9; 
ga  te/shf  t, open, 7 ; 

Storage  Network  -  The  launchers  are  stored  here  until  scheduled 
for  a  generation  exercise,  an  annual  inspection,  or  until  they 
are  needed  on  alert. 

stg  queue(2) ; 

Alert  Network  -  5  launchers  remain  on  alert.  Svery  week  they 
are  checked  (evt3)  for  repairs  and  for  length  of  time  on  alert. 

alt  queue(3); 

Repair  Network 

The  repair  network  Identifies  the  type  of  failure  and  whether  it  can 
be  repaired  on  the  flight  line.  If  so,  the  launcher  Is  repaired  or  a 
single  missile  is  exchanged,  the  launcher  is  uploaded,  and  returns  to 
the  point  where  the  Systems  Interface  Test  Is  performed  (g31).  If  not, 
it  .oust  be  returned  to  the  IMF  and  repaired. 

chk  queue (13); 
ac  t; 
goon, 1 ; 

ac  t/1 ,  ,a  trl  t>(  14 ) .  1 1.  tnow,  re  pi ; 
ac t/2 , ,a  tri b( lo) .1 1. tnow, re?2; 
ac t/3 , ,a trlb( 17 ) . 1 t. tnow, rep4 ; 
ac  t/4 , ,a trib( 18) . 1 1. tnow, re p5 ; 
ac  t/3, ,atrib( 19) . 1 1. tnow, ceo6 ; 
ac  t/6 , ,a  trip( 29 ) . 1 1. tnow, rep7 ; 
ac  t; 

cx.n  event, 3;  determines  If  of  nlssile  failures 


-  transport 

-  availability  clocx 

-  inspections 

-  ests  shift  clocx 


ac t/7 , ,a trib( 22 ) . g t.'O .0, gml s;  there  are  failed  nissiles 
ac  t; 

pdu  queue(14);  checked  onca  a  weak 
ac  t/3; 
goon, 1; 

act/9,  ,atrib(l6).  It.  tnow,rep3; 
act, ,  ,ok; 
ok  goon, l ; 

ac  t/10,  ,atrlb(5)  .eq.  3. 3,al  t; 
ac  t/11 , ,a  trib( 5) .eq . 5 . D, done; 
act/12, ,a trlb(5) .eq.O .9,s tg; 
re pi  goon,l; 

awai t( 13) ,ml t, 1 ; 

ac t/13 ,unfrii»(  1 .25, 1 . 5 ,4) ;  Transport  tine  back  to  IMF. 
goon; 

act/14, trlag(5.0,3 .0 ,10.3,2);  download  and  upload  missllas 
goon; 

asl  ac t/15 , trlag( 1 . 9 , 2 .4 , 2 .9 ,2 ) ;  structure  repair,  D056  data 

assign,  a  trlb(  14)=tnow+expon(xx(14  ),l),atrib(2l)=atrlb(21)+-1.0; 
free ,. ill  t/1 , 1 ; 
act, ,  ,chk; 

rep2  assign, a  trlb(  15)=tnow+expon(xx(  15) ,  l )  ,a trlb(2l  )=a  tr l'o(21  )  +  l  .0 ; 
goon; 

ac  t/1 6 , trlag(3 . 5 , 4 . 5 ,6 .0 , 2 ) , ,  cnk;  repair 
rep3  assign, a trlb(l6)=tnow+expon(xx( 16) , 1 ) ; 
goon, 1 ; 

ac  t/1 7 , tr lag( 3 . 5 ,4 . 5 ,6 .3 , 2 ) ,a  tr tb(5) .eq.O .0 , s  tg;  repair 
act/18, trlag(3.5,4.5,6.0,2), ,chk;  repair 
reP4  asslgn,a  trlb(17)=tnovM-expon(xx(17 ) , 1 ) ,a trlb(21 )=a trlb(21 )+l .0; 
goon, 1 ; 

act/19, ,xx(o) .ge.2.0,rp4a; 

ac t/20 , triag( 3 .0 ,6 .0 ,9 .3 , 2) ; remove  and  replace  missllas  for  access 
goon; 

act/21, trlagCl. 0,1.5, 2.0, 2), ,chk;  r/r  MIJ,  wag 
rp4a  awal t( 20 ) ,ml t, 1 ; 

act/22,unfrm(1.25,1.5,4); 

goon; 

act/23, tr lag(3.0,6.3,9. 0,2); 
goon; 

ic t/24 , tr lag( 1 .0 , 1 . 5, 2.0 , 2 ) ;  r/r  relay  assblr,  wag 
fmO  free, alt/ l ,1 ; 
act, , ,chk; 

repo  assign, a  trlb(13)  =  tnow4-expon(xx(  13 ) ,  l )  ,a trlo( 21  )=a  trlb(21  )+l  .0 ; 
goon, 1 ; 

3c  t/25 , , xx(6 ) . ge . 2 .0 , r p5a ; 

act/ 26, tr lag (3. 0,6. 0,9. 0,2)  jraoiove  and  replace  missiles  for  access 
goon; 

act/27,trlag(1.5,2.3,3.0,2),  ,cnn;  remove  and  replace  relay  ass. 
rpoa  awal t(21 ) , nl t, 1 ; 

ac  t/23  ,unfriii(  1 .25,  l  .5, 4) ; 
goon; 

act/29, triag( 3. 0,6. 0,9. 0,2); 

goon; 

fmOO  act/30, trlag( 1 . 5 ,2 .0 ,3 .0 ,2) ; 
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free , nl t/1 , 1 ; 
act,, ,chk; 

rep5  awal t(6 ) ,ml t,  1 ; 

ac  t/31  ,unf rm( l . 25 , 1 . 5, 4 ) ;  back  to  IMF 
goon; 

act/32, trlag(3. 0,5. 0,9. 0,2) ;  remove  and  replace  missiles 
goon; 

ac t/33 , trlag( 10 . 3 , 1 3 . 3 , 15 . 3 , 2) ;  repair  electrical 
as2  assigti,atrib(  19)=tnow+expon(xx( 19) ,  1 ) , a  trib(21  )=a  trib(21  )+i  .0 ; 
free, ml t/1 , 1 ; 
ac  t, ,  ,chtc; 

rep7  awalt(19),mlt,l; 

act/34, uafrmd. 25, 1.5, 4);  back  to  IMF 
goon; 

ac t/35 , tr iag( 3 . 0 , 6 . 0 , 9 . 0 , 2 ) ;  remove  3nd  replace  missiles 
goon; 

as3  ac t/36 , tr iag( 3 . 5 , 4 . 5 , 6 . 0 , 2 ) ;  repair  ecs,  est  from  D056  lata 

assign,atrib(  20)  =  tnowi-expon(  xx(  20  ),l),atrib(21)=atrio(21)+1.0; 
free, ml t/1 , 1 ; 
act, , ,chk; 

;  Missile  Exchange 

;  This  network  exchanges  a  failed  ntssile  on  tne  flight  line, 

i 

gmis  goon, l ; 

ac  t/3 7  , ,  xx ( 3 ) .  ge . 3 . 0 , 1  vros ; 
act/33, ,xx(6) .eq. 1 .0,gmsl ; 
ac t/39, ,xx(6) .eq.2.0 ,gms2; 
gmsl  goon; 

act/40, triag(xx(33),xx(34),xx(35),3); tine  to  exchange  l  missile 
assign, a trib(22)=atrib(22)-1.9,L; 
act/41 , ,a  trlo(22) . gt.0 .0 ,gmsl ; 
act,, ,chk; 

Ivms  assign, a  trib(23 )=a  crio( 23 )>1 .0 , a trlb(22 )=a  trib(22)-l .0 , 1 ; 

ac  t/43 ,  ,a  trib(22 ) .  g't.0 .0 ,  lvras; 
act,  ,  ,cnk; 

gns2  awal t( 1 ) ,  ml t, 1 ; 

ac t/44, unf rm( 1 . 25 , 1 . 3 , 4 ) ;  transporting  to/from  to  inf 

g3  goon; 

ac t/45, trlag(2 . 5, 3 .0 , 3.5, 3 ) ;  exchg  1  msl,  est  from  Z\C  uase 
assign, a  trib(22)=a  trib!22)-l .0 , 1 ; 
ac  t/46 , , a  trib( 22) . gt.0. j, gd; 
act; 

fmOI  free,mlt/L ,i; 
act, , ,chk; 

;  Generation  Network 

;  This  group  of  networks  is  used  to  estimate  the  tine  to  generate 

;all  16  alccraft  (representing  the  Okl  and  the  quarterly  readiness 
; inspec  tlons . 

gen  queje(5); 

ac t(  1 )/47 , tr Lag( 1 .0 , 2 .0 ,4 .0 , 4 ) ;  waiting  for  b-52. 
awl  awai t(3 ) , crew/ L ; 


awlO  awalt(lO)  ,  ml  t/l ; 

ac  t/43 ,  triag( .  75, 1 .0 ,  i  .  25,3) ;  estimate  from  SAC  ease 
320  300a, 2; 

act/49, , , awl 1 ; 

ac t/50 ,unf rm( 1 . 25 , 1 . 5 , 4) ;  delay  for  nit,  estimate  from  SAC  oa 
fnl  free , nl t/l , 1 ; 
term; 

awll  await(li) , ml  t/l ; 

ac t/ 51, trlag(l. 0,1. 25, 1.5, 3);  pylon 
goon, 2; 

act/ 52, , , awl2; 

ac t/53 ,unf rm( 1 . 25 , 1 . 5 ,4) ;  delay  for  nit,  estimate  from  SAC  oa 
fm2  free,mlt/l , 1 ; 
tern; 

awl2  3wai t( 12 ) ,ml t/l ; 

ac  t/  54 ,  trlag(l  .9 ,1 . 25 ,  l .  5 ,3  > ;  estimate  from  SAC  base 
goon, 2; 
act/55, , ,g2l ; 

ac t/56 ,unf rm( 1 . 25 , 1 . 5 ,4) ;  delay  for  nit,  est.  from  SAC  base 
fn3  tree  ,.nl  t/l ,  1 ; 

te  r.n ; 
g21  goon; 

act/57,1.5, ,chk;  SIP 

At  this  point  an  aircraft  is  finished  and  the  number  available 
(xx(3))  can  be  incremented,  the  time  to  generate  is  computed  in 
evant2. 
done  goon; 

ac t/58 , triag( .75 , 1 .0 , 1 . 5 , 3) ;  postload,  est.  from  SAC  base 
fcl  free , crew/1 , 1 ; 

a s  10  assign,xx(3)=xx(3)-t-l  .0  ,xx(4)  =  tnow; 
goon, 1 ; 

ac  t/59 , ,xx(21 ) . gt. xx( 22) , a  si  5; 
act/60, ,xx(22).gt.xx(21); 
asl4  assign, xx ( 3)=xx(4)-xx(21 ) ; 
act/61,,  ,evt2; 

aslo  assign, xx(5)=xx(4)-xx(22) ; 
evt2  event, 2; 
goon; 

ict/52, , ,  ps  tg; 


post  generation 


ps  tg  goon; 
act/53 ; 

assign, a trLb(5)=0.  ),a  trlb(2l  )=0.0  ,a  trlb(22)-0.0  ,a  trlo(23)=0.0 ; 

goon, 2; 

act/64, , , stg; 

ac  t/6  5 , ,xx( 3 ) . le . 10 , trm ; 

act/56  ,  ,xx(3)  .gt.  10; 

aslo  assign, xx(12)=0.0;  generation  exercise  is  over 
awal t(  1 5 )  ,es ts/ L ,  1 ;  delay  other  work. 
act/67,34.0; 
fel  f tee ,es ts/1 , 1 ; 


annual  Launcher  inspection 


aii  queue(4); 

ac  t/68 , , ,aw7 ; 
fe2  f ree ,es ts/1 , 1 ; 
aw7  awal t( 7) , shf t,  1 ; 

aw2  awal t( 9) ,as ts/1 , 1 ;  wait  for  ests 

act/69,, nnga  t(shf  t) .eq. 1 .0, fa 2; 
ac  t/ 70 , ,  nnga  t(siif  t)  .eq.O  .0; 

-22  goon; 

ac t/71 ,  triag( . 75, 1 .0, 1 . 26, 6) ;  upload  to  ests 

goon; 

act/72, trlag(6. 0,3. 0,10. 0,6);  download  missiles 
goon; 

ac t/73 , trlag( 12 .0 , 12 . 5 , 13 . J ,6 ) ;  empty  test 
fe3  f ree ,es ts/1 , 1 ; 
aw7a  awal t(7 ), shf t, 1 ; 

awlo  awai t( 16) ,es ts/1 , 1 ;  wait  for  asts 

ac  t/74, , nnga  t( shf  t) .eq. 1 .0, f ei ; 
act/75,, nnga  t( shf  t) .eq.O .0; 
get  goon,  1 ; 

act/76,trlag(1.9,2.4,3.4,2),atrlb(14).lt. tnow.asal ; 
act/77, triag( 3 . 5 ,4. 5,5 .0 ,2) ,a trlb( 1 5) . 1 t. tnow,asa2; 
ac t/73 , triag(3 . 5,4.5,S.0,2),atrib(l5).lt. tnow,asa3; 
ac  t/7  9 , trlag(6 .4 ,7 .4 ,3 . 9 ,2) ,a trib( 17 ) .1 1. tnow,asa4 ; 
ac  t/30, tr lag(5. 2,5. 2, 7. 7 , 2) ,a  trib(13) . It. tnow,asa5; 
ac  t/3 1 , triag( 10 .3 , 13 .3 , 16 .3 , 2) ,a  trio( 19) . 1 1. tnow,asa6 ; 
ac  t/32, tr iag(3. 5, 4. 5, 6. 0,2), a trlo( 20). It. tnow,asa7 ; 
act; 

fe4  frae,ests/l ,1 ; 
aw9  awal t(  7 ) ,  shf t,  1 ; 

awi7  awal t( 1 7) ,es ts/1 , 1 ;  wait  for  ests 

act/33,,  nnga  t(  shf  t)'.eq.  1 .0,  £e4; 
act/34, , nnga t( shf t).aq. 0.0; 
g23  goon; 

ac t/33 , triag(6. 0 ,3 .0 , 10 .0 ,6 ) ;  upload  and  S3T 
goon ; 

ac  t/36 ,  tr  tag(2. 3 ,3 . 0 , 3 . 5 ,6 ) ;  Loaded  test 

goon; 

act/37, trlag(6. 0,3. 0,10. 0,6) ;  load  warneads 
goon; 

act/33,  trlag('2.0,2.5,3.0,6);  download  from  frame  and  postload  insn. 
tea  f raa ,es ts/1 ,  L ; 
ac  t; 

assign, i trlb( 5)-0 .0 ; 

ac t/39, ,xxll2 ) . eq.O .9 , s tg;  go  to  stg,  no  gen  in  progress 
act/ 90, ,xx(l2) .eq. L . 0,gen;  gen  axerclsa  in  progress,  go  to  gen 
asal  assign,  a  tr  lb(  1 4 )  -  tnow+expou(  xx(  14 ) ,  1 ) ,  1 ; 
act/91, ,  ,.ga  t; 

asa2  assign,!  tr Lb(  1 5)  =  tnow4-expou(xx( 1 5 ) ,  1 ) ,  l ; 
act/91 , ,  ,3-2  t; 

asa3  assign,  a  tr  Lh(  1 5 )  =  tnow-t-expon(xx(  16 ) ,  1 ) ,  l ; 
act/91, , ,ge  t; 
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asa4  assign, a trib(l 7 )=tnow+axpon(xx( 17 ) ,  1 ) ,  1 ; 

3C  91 ,  ,  ,  ge  t; 

asa5  assign, a  trib(  13  )  =  tnorf-t-expon(xx(  19 ) ,  1 ) ,  1 ; 
act/9i,,,get; 

asa6  assign, a  trib(  19)  =  tnowt-expon(xx(  19) ,  1 ) ,  1 ; 
act/91 , ,  ,ge  t; 

asa7  assign, a  tr i b( 29 )=tnowfexpon(xx(20 ) , 1 ) , 1 ; 
act/91,,,  get; 

♦ 

;  snlft  network. 

» 

craata; 

gt4  close,  shft; 

assign, xx(23)=unfrm(3 .3 , 13 .3, 7 ) ,xx(24)=24.0-xx(23 ) ; 
ac t/ 92, xx(24),xx (12). eq. 3.9; 
ac  t/93 ,0 .0 , xx (1 2 ) .eq. 1 .0 ; 
ogt4  opan,snft; 

act/94, xx(23 ) , , gt4; 

* 

•kkkkkkk  *  k !;  ,V  k  k  *  kkkkkkkkkkkk  k  k  k  k  k  *  k  k  **************  k  it  k  k  *  *  ******  *  *  k  •* 

aadne  twork; 

;  simulation  time  for  CSkL  modal  =  20,001.0  nours  =  333  days 

;  =2.23  years 

ini t, 0,20001.0; 

non tr , clear , 723.0; 

fin; 
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Figure  ri.l.  nepair  Network  Cl  of  6) 


rigure  2.2.  nepair  Network  (2  of  b) 


figure  B.4.  Kepair  Network  (4  of  8) 


Figure  B.5»  Hepair  hetwork  (5  of  8) 


figure  ri.6.  hepair  Wet  work  (6  of  8) 


Lgure  b.7.  Repair  Network 


r'igure  u.8.  Kepair  network  (fa  of  fa) 


Qb/A~! 


Missile  Exchange  Network 


LSS 


(.7$ 


Network 


Figure  o.l2.  Generation  (GFw)  Network  (2  of  ')) 
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Figure  B.l6.  Annual  Launcher  Inspection  (ALI)  Network  (2  of  3) 
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Figure  3.17.  Annual  Launcher  Inspection  (ALI)  Network  (3  of  3) 


Figure  S.18.  Shift  (3HFT)  Network 


MIS  IS  FROM  THE  C3RL.OUT  FILE 


s  1  a  i  summary  report 

current  tine  .  2000e+05 
statistical  arrays  cleared  at  time  . 7200e+03 


**s  ta  tis  tics  for  time-persLstent  variables** 


mean 

standard 

minimum 

maximum 

time 

current 

value 

deviation 

value 

value 

interval 

value 

launchers  avail 

14.191 

2.377 

.00 

16.00 

19231.000 

15.00 

aval lablli ty 

.337 

.149 

.00 

1.00 

19231.000 

1.00 

avail  in  gen 

10.691 

1.730 

.00 

11.00 

19231.000 

11.00 

time  completed 

3045.945 

2213.702 

.00 

7353.07 

19231.000 

7353.07 

**rasource  statistics** 


resource 

re  source 

current 

average 

s  tandard 

maximum 

curren 

number 

label 

capaci ty 

util 

deviation 

util 

u  til 

1 

crew 

4 

.06 

.467 

4 

0 

2 

ml  t 

9 

.09 

.561 

3 

0 

3 

es  ts 

l 

.13 

.341 

1 

0 

resource 

cesource 

current 

average 

nini  nu.n 

maximum 

number 

label 

available 

available 

available 

available 

1 

crew 

4 

3.9362 

0 

4 

2 

ml  t 

9 

3.9143 

1 

9 

PLOT  OF  WML  VS  TOOtf 


3=avallablUty  .OOOe+QO 

0  10  20 


tlna 


scales  of  plot 

. 500e+0Q  . 100e+01 

30  40  50  50  70  SO  90  100  dups 


.  l230e+04  + 

.192024-04  + 

.  25o0e+04  + 

.  320024-04  4 

. 33402+04  4 

.443024-04  + 

.51202404  4 

.57602404  4 

.640024-04  + 

.70402404  4 

.76302+04  + 

.33202+04  + 

.39602+04  + 

.96002+04  + 

.  1024e+05  + 

.  1033e+05  + 

.11522+05  + 

.12162+05  + 

.12302+05  + 

.13442+05  + 

.14032+05  + 

.14722+05  + 

.15362+05  + 

.16002+05  + 

.16642+05  + 

.  1723.2+05  + 

.17922+05  + 

.13552405  4 

.  1920e4J5  4 

.19342+05  + 

0  10 

time 


4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

20  30  40  50 


a  + 

a 

a  4 

2  + 

a  + 

3  + 

a  + 

a 
a 
a 


a  + 

a  + 

a  + 

a  4 

a 
a 

3  + 

3 

3  + 

3  + 

3  + 

3 

3  + 

3  + 

3  + 

a  3- 

3 

3  + 

3  + 

3 


70  30  90  100 


minimum  .75002+00 
maxi. nan  • lOOOa+OO 
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nils  IS  A.  SAMPLE  OF  ME  "CSHLALL"  OUTPUT  FILE 


AVAIL  #  OBS  TOTAL 


.0000.0000 

733.  .313 

364.  .375 


2135. 

2767. 


3925. 


it  A? 

L  It 

TNOiM 

-7  OEM 

GEM  TIM 

;703S 

TOTAi 

.313 

1 . 633 

.0 

2. 

930. 

1. 

3.2 

0 

.0 

.0 

12. 

935. 

2. 

13.4 

0 

.0 

.0 

4. 

937. 

3. 

15.7 

0 

.0 

.0 

13. 

933. 

4 . 

16.4 

0 

.0 

.0 

14. 

991. 

5 . 

19.4 

0 

.0 

.0 

3. 

994. 

6. 

22.0 

0 

.0 

.0 

3. 

993. 

7. 

26 . 1 

0 

.0 

.0 

15. 

993. 

3. 

26.3 

0 

.0 

1.0 

1. 

1000. 

9. 

27.9 

0 

.0 

.0 

9. 

1001 . 

10. 

29.3 

9 

.0 

2.0 

16. 

1004 . 

11. 

32.2 

1 

32.2 

2.563 

3.375 

2.0 

6 . 

3046. 

1. 

14.7 

1 

32.2 

.0 

1. 

3047. 

o 

16.0 

1 

32.2 

.0 

7. 

3056. 

3. 

24.5 

1 

32.2 

.0 

3. 

3060. 

4 . 

28. 6 

1 

32.2 

.0 

9. 

3062. 

5. 

31.3 

1 

32.2 

.0 

4. 

3064. 

6 . 

32.6 

1 

32.2 

2.0 

10. 

3066. 

7. 

34.5 

1 

32.2 

3.0 

5 . 

3070. 

3. 

33.7 

1 

32.2 

1.0 

12. 

3071  . 

9. 

40.2 

1 

32.2 

7.0 

11. 

3073. 

10. 

42.2 

1 

32.2 

2.0 

16. 

3077. 

11. 

46.2 

2 

73.4 

4.313 

,.0 

12. 

4313. 

1. 

13.3 

2 

73.4 

.0 

10. 

4316. 

2. 

15.9 

2 

73.4 

.0 

9. 

431o. 

3. 

16.1 

2 

73.4 

.0 

11. 

4317. 

4. 

16.3 

2 

73.4 

.0 

6 . 

4326. 

5 . 

26.3 

? 

73.4 

.0 

16. 

4326. 

6 . 

26.5 

2 

73.4 

.0 

7. 

43  32  . 

7. 

31.7 

2 

73.4 

2.0 

14. 

4332. 

3. 

32.3 

2 

7  5. 4 

.9 

8. 

4333. 

9. 

32.7 

2 

73.4 

1.0 

13. 

4333. 

10. 

33.6 

2 

73.4 

2.0 

15. 

4333. 

11. 

37.3 

3 

116.2 

4513. 


5.133 


THIS  IS  ME  "OSilLAVS”  OUTPUT  FILE 


if  OBS  rIJM  CODE  AVGEM  AVAVL 
.010  .0000.0000  39.43  .9021 


Appendix  C 
Input  Da  ta 


This  appendix  lists  the  Input  data  and  data  sources  used  In  the 
■nodal.  The  data  has  been  separated  into  three  parts;  hTBF  rates  for 
tne  seven  launcner  subsystems,  activity  duration,  and  decision 
structures.  Table  G.i  Lists  the  3TBF  rates,  TaDle  C.2  lists  the  types 
of  activities  and  duration  of  tne  activities,  and  Table  C.3  lists  tne 
conditions  used  for  routing  launchers  tnrough  the  network. 


Table  G.I 


MTBF  by  Subsystem 


,  ,  ■  -  —  -  — 

Subsystem 

S  true tu re 

j  Power  Drive  Unit  (PDU) 

i 

'  PDU  Controller 

Elec tri cal/ Slectronic 

-iissile  Interface  Unit  (-1IJ) 

kelay  Assembler 

Other  Clec tronic/ilec tr ical 


Predic  ted 

Alloca 

120,232 

50,000 

23,090 

2,320 

10,000 

5,000 

1 

43,013 

1 

1 

21,753 

33,744 

1  37,933 

41,971 

j  41,971 

1  Environmental  Control  System 


23,034 


5,120 


events  that  the  lauachers  go  through  In  the  network.  The  data  and  data 

sources  are  displayed  in  Table  C.2  by  activity  number  In  the  order  in 

which  it  occurs  in  the  network.  This  taale  also  lists  the  distribution 

used  for  the  data,  gives  a  code  for  the  type  of  event  that  is  being 

processed,  and  gives  a  brief  description  of  the  event.  The  codes  used 

for  the  type  of  event  are: 

3  -  generation  exercise 
A  -  launcher  Inspection 
.1  -  repair 

T  -  trailer  activity 

The  following  are  tna  sources  for  the  data  used  in  the  model: 

0056  -  repair  times  for  the  S&AM  launcher  from  the  AFLC  data  base 

<1  Oct  33  -  31  Mar  34);  used  triangular  distribution. 

3oaing  -  estimates  from  Boeing  Oocument  tfo.  D405-10350-1  ,  3elia- 
biii ty/Maintainablli ty,  Allocations,  Assessment  and  Analy¬ 
sis  Report  -  CSU. 

SAC  -  expert  opinion  from  maintenance  personnel  familiar  with 
the  33AM  launcher;  used  triangular  distribution  with 
pessimistic,  most  lively  and  optimistic  time  estimates. 

4A3  -  educated  guess  from  maintenance  personnel. 


Table  C.2 


Activities  fable 


Act/Code  Duration 

Description 

Source 

13/22 r 

unfcmd  .25,1 .5,4) 

Transport  time  back  to  IMF 

SAC 

143 

triag(6. 0,3. 0,10.0) 

Download  and  upload  missiles 

SAC 

1 5d 

trlagd .9, 2. 4, 2 .9) 

repair  structure 

D056 

163 

trlag(3.5,4. 5,6.0) 

repair  of  PD'J 

DO  55 

17/ 

triag(3.5,4.5,6.0) 

repair  of  ?DiJ  controller 

DO  56 

20/263 

triag(3. 0,6. 0,9.0) 

r/r  nissiles  for  access 

SAC 

213 

triag(l .0,1 .5,2.0) 

r/r  MW 

WAG 

233 

trlag(3. 0,3. 0,9.0) 

r/r  nissiles 

SAC 

24/273 

trlagd  .0,1 .5,2.0) 

r/r  relay  assembler 

WAG 

23/31 r 

unfrmd .25,1.5) 

transport  time  back  to  IMF 

SAC 

29/323 

trlag(3. 0,6. 0,9.0) 

r/r  missiles 

SAC 

303 

trlag(l. 5, 2. 0,3.0) 

r/r  relay  assembler 

WAG 

333 

trlagd  0.3, 13. 3, 15. 3) 

repair  electrical 

0055 

3  4T 

unf rm( 1.25,1.5) 

transport  time  bac<c  to  IMF 

SAC 

35R 

triag(3. 0,6. 0,9.0) 

r/r  missiles 

SAC 

363 

trlag(3 . 5 ,4 . 5 ,6 .0) 

repair  ECS 

DO  56 

403 

tr  lag(2 .0 ,2 .5,3.5) 

tine  to  exchange  l  nisei l.e 

SAC 

44  r 

unfrm( 1.25,1.5) 

transport  ti.ne  to  IMF 

SAC 

4  53 

tr  lag (2. 5, 3. 0,3. 5) 

exchg  1  mlssle 

SAC 

47  3 

trlag(l .0,2. 0,4.0) 

waiting  for  3-52 

SAC 

430 

tr  lag( .75 ,1 .0,1 .25) 

upload  launcher 

SAC 

50/53  r 

unfrn( 1.25,1,5) 

delay  for  MLT 

SAC 

51/ 54G 

trLag(l. 0,1. 25, 1.5) 

upload  pylon 

SAC 

56  r 

unfrmd . 25, l .  3) 

delay  for  MLT 

SAC 

57G 

1.5 

3 1 T  te  s  t 

AFOTEC 

53  3 

trlagd  75,1.0,1.5) 

postload  work 

SAC 

67G 

34.0 

Dummy,  delay  other  work  In  IMF 

SAC 

71 A 

trlagd  75,1.0,1.25) 

upload  to  asts 

SAC 

72A 

trlag<6. 0,3. 0,10.0) 

download  missiles 

SAC 

73A 

trijg(12.0, 12. 5, 13.0) 

empty  test 

Boe lag 

76A 

trlagd.  9, 2. 4, 3. 4) 

repair  structure 

D 1 56 

77A 

trlag(3. 5, 4. 5, 6.0) 

repair  PD'J  controller 

DO  55 

73  A 

tr  lag( 3 . 5 , 4 . 5,6 .0) 

repair  FDD 

00  56 

79A 

trlag(o.4, 7.4,3. 9) 

reoair  MW 

DO  56 

30A 

trlag(5.2,6.2,7.7) 

repair  relay  assembler 

0056 

3 1 A 

tclagdO.3, 13.3, 16.3) 

repr  other  elec tronic/alec trlcal  0055 

32A 

trlag( 3 . 5 ,4 . 5 , 5 .0) 

repair  CCS 

DO  56 

3  5  A 

triag(6. 0,3. 0,10.0) 

upload  and  SSf 

SAC 

36  A 

tr  Lag( 2. 5, 3. 0,3. 5) 

loaded  test 

Boeing 

3  7  A 

triag(5. 0,3. 0,10.0) 

load  warna3ds 

SAC 

3  3  A 

tr lag( 2 .0 ,2 . 5 , 3 .0) 

download  6  postload  inspection 

SAC 

92  A 

xx(24) 

shift  off  or  ests  down 

SAC 

9  3G 

0.0 

no  shift  down  time  during  GEN 

SAC 

94  A 

xk( 23 ) 

tine  snift  and  ests  working 

SAC 

93 


Table  C.3 


Condition  Table 


Act/Code  Condition  keason 


1FG 

a tri o( 14) . 1 1.  tnow 

structure  failure 

2FG 

a  trlb( 15) . 1 1. tnow 

?D!J  controller  failure 

3F3 

a  trib( 17 ) . 1 1. tnow 

.'110  failure 

4F3 

a  trlb(13) . 1 1. tnow 

relay  assembler  failure 

5FG 

a  tel b( 19) . 1 t. tnow 

alac trical/elec trooic  failure 

6FG 

a  triD( 20 ) . 1 1. tnow 

£CS  failure 

7  FG 

atrlb(22) .gt.0.9 

missile  failure(s) 

9F3 

atrib(lo) . It. tnow 

?D'J  failure 

IDF 

atrlb(5) .eq.3.0 

return  launcher  to  ALT 

11G 

atrlb(5) .eq. 5.0 

return  launcher  to  3£M 

12S 

atrlb(5) .eq.0.0 

return  launcher  to  STG 

1  /FG 

a  trib( 5) .eq.O  .0 

repr  PDU ,  return  to  STG 

13FG 

repr  ?Dd,  check  for  other 
failures 

19/25FG 

xx(6) . ge . 2 .0 

r/r  missiles  In  I'lF 

26  FG 

r/r  missiles  on  fiignt  line 

37G 

xx ( 3 ).ga. 8.0 

leave  failed  nisslle 

33G 

xx(o) .eq. 1 .0 

exchg  nisi  on  flight  line 

39G 

xx(6 ) .eq.  2 . 0 

exchg  nisi  in  IMF 

41/43/4&G 

a  tr l b( 22 ) . gt. 0 .0 

loop  to  exchg  all  nisi  failures 

593 

xx( 21 ) . g t.xx( 22) 

08.1  in  progress 

603 

xx(22) .gt. xx(21 ) 

QIGS?  in  progress 

653 

xx( 3 ) . le .  10 

exercise  still  in  progress 

663 

x.x(  3)  .  gt.  10 

exercise  is  over,  tie  up  SST3 

69/74/33G 

nngat(sbf  t) .eq. 1 .0 

work  shift  closed,  wait 

79/75/34G 

nnga  t(sh£  t) .eq.O .0 

work  shift  open  continue  work 

76  FG 

a  trlb(  14).  It.  tnow 

assign  next  structure  failure 

77FG 

atrlb(15).lt.  tnow 

assign  next  PDJ  failure 

73  FG 

a  trib( 16) .1 1. tnow 

assign  next  ?■)•'!  controller  fail 

79  FG 

a  trlb( 17) . 1 1. tnow 

assign  next  MIJ  failure 

80  FG 

3  trlb/ 18 ) . L  t. tnow 

assign  next  relay  assmDir  fail 

3 1  FG 

atrio( 19) . Lt. tnow 

assign  elec tr ical/el ec tronic 

82F3 

a trlb( 20 ) . L  t. tnow 

assign  next  ACS  failure 

39/92FG 

xx ( 12). eq.0.0 

no  33.9  In  progress,  go  to  STG/ 
normal  snlfts 

90/9  3  FG 

xx (12). eq. 1.0 

333  in  progress,  go  to  G3N/ 

2A  hr  shifts 


90/93FG 


t 


FI 

■.  ■  . 

. 

B 


m 


Appendix  D 
Experimental  Design 


Uhls  Appendix  contains  Che  fractional  factorial  research  design 

used  in  this  research  effort.  The  information  was  obtained  from  the 

National  3ureau  of  Standard  .Applied  Mathematics  Series  (13:22).  The 

3 

codes  used  for  the  one-fourth  of  a  2  factorial  design  are  given  In  the 
table  below: 


fable  D.l 

Factors  Used  in  Factorial  Design 


Fac  tor  Coda 

1  a 

2  b 

3  c 

4  d 


5 

6 
7 

3 


e 

f 

g 

h 


Code  Definition 

Low 

high 

number  of  crew 

3 

12 

number  of  MLTs 

6 

12 

maintenance  policy 

3-level 

2-level 

- 

inspection  frequency 

257  nrs 

504  hrs 

•k 

launcher  load  time 

.75,1.0,1.25 

1 . 0 , 1 . 5 , 2 .0 

•  k 

remove/replace  missile 

2. 0,2. 5, 3. 5 

2. 5, 3. 0,4.0 

- 

remove/replace  relay' 
assembler 

1 . 0 , 1 .  5 , 2 . 0 

1.5, 2. 0,3.0 

failure  rate 

alloca  ted 

predlc  ted 

For  example,  ab  means  the  nigh  values  are  used  for  nunDer  of  crews  and 
number  of  MLTs,  while  holding  all  other  factors  at  low  values. 


The  low,  medium,  and  high  values  are  given  for  the 
triangular  distribution. 


95 


Fractional  Factorial  Design 

The  following  combinations  of  factors  wars  used  in  the  analysis  of  the 


CSRL : 


(1) 

edgh 

abeg 

abdh 

abcf gh 

abdf 

fh 

cdf  g 

be  dag 

be  h 

a  da 

acegh 

adef  h 

acef  g 

bedef gh 

baf 

afgh 

edaf 

abcafh 

a  bda  f  g 

a  bee 

abdagh 

P  <7 
"  O 

edeh 

bedf  h 

bfg 

adfgh 

acf 

adg 

ich 

bed 

bgh 

bdef  h 

beef  g 

aedef gh 

aaf 

aedeg 

aeh 

bde 

bcegh 

cf  gh 

df 

a  b  f  h 

abedf g 

ab 

abedgh 

eg 

dn 

bdg 

bch 

acd 

agh 

aedf  h 

■if  i 

bdf  gh 

bef 

ce 

dagh 

a  bag 

abedeh 

abef gh 

abedef 

cefh 

daf  g 

\  p  pe  n_i  i_x  11 


B^-ID t1  and  SPSS  lapu  t/ On  tpu  t 

This  appendix  Lists  the  input  data,  input  pro.5ru.a3  in  j  re  Leva  a 
ou  tpu  t  for  the  t«io  part  statistical  analysis.  The  crier  of  present!  tin 
is  given  below: 

1.  3?3S  \u toeorrela tlon  analysis 

2.  dMDf  Fractional  Factorial  Design 

a.  AiO'/A  for  generation  line 

b.  \ 40V \  for  Availability 

3.  levjression  analysis 

a.  degression  cor  deaeration  Tina 
0.  degressioa  for  availability 


MIE  IS  r-lr:  SPSS  INPUT  fROGRAM,  [spur  pile  aid  output  used  to  c.ieck 


r  )R  VJ  TOCORRELATI  JN  AMONG  T.IE  AVAILABILITY  OBSERVATIONS. 


MS  NAME 
VARIABLE  LIST 
INPUT  FORMAT 
I  [PUT  1  ODIUM 
N  Dr  OASES 
IE0RF.3S  I  ON 

STATISTICS 
OP  "I  )NS 

MEAD  INPUT  DATA 
PINTS,! 

HIS  IS  HE  OUTPUT  FOR  AU TOCORREL A TI ON  WHEN  H  a  OBSE.R  VATIONS  POE 
AVAILABILITY  UE  TAKEN  ON  HE  AVERAGE  OF  EVE  LY  TWO  WEEKS . 


V  Al I  ABLE 

IE  A  ! 

STANOADO  OEV 

CASES 

TNOW 

10375.3333 

5470.1133 

37 

AVAIL 

911.4336 

7  7  .  3060 

57 

N:J  MB  EM  OF 

CASES  PLOTTEO 

57. 

VON  NEUMANN  RATIO  .04353  DURBIN- WATSON  TEST  .93193 


AV.A1LABIL1  TY 
HOW .AVAIL 
FUEU FIELD 
,.A,vjS 
JNXNOWN 

MET.  100- S  L'EPWISS/  V  AT  I ABLES=  TNOW,  AVAIL/ 
REGRESS  I 3N  =  AV AIL  WIH  TNOW/RES IDU AL 3 
ALL 
11,2 


H I S 

IS 

T4E  OUTPUT  w'tlE N 

OBSERVATIONS  ARc 

taken  on  we 

EVERY  FOUR  WEEKS. 

VAUABL 

,E 

MEAN 

STANDARO  DEV 

CASES 

TNOW 

13371.1379 

5310.3433 

29 

WAIL 

916.2414 

32. lo  34 

29 

NUMBER 

OF 

CASES  PLOTTED 

23. 

VON  NEUMANN  RATIO 


1.33252 


OJ'IBIN-WATSON  TEST 


1.30519 


MIS  IS  MS  IMPUf  DATA,  8M0P  INPUT  PROGRAM  AND  OUTPUT  TABLE  F JR.  M 


FRACTIONAL 

FACTORIAL 

ANALYSIS. 

1 

01  .0000.0000 

44.79  .7610 

3 

01  .0111.1010 

47.48 

1 

02  .0011.0011 

33.40  .9139 

3 

02  .0100.1001 

37.25 

1 

03  .0000.0101 

37.59  .9298 

3 

03  .0111.1111 

40.6  5 

1 

04  .0011.0110 

43.35  .7231 

3 

04  .0100.1100 

49.34 

1 

05  .0010.0111 

39.47  .9276 

3 

05  .0101.1101 

38.84 

1 

06  .0001.0100 

46.23  .7456 

3 

06  .0110.1110 

43.99 

1 

07  .0010.0010 

43.26  .7390 

3 

07  .0101.1000 

47.78 

1 

03  .0001.0001 

37.25  .9232 

3 

08  .0110.1011 

37.93 

1 

09  .0000.1111 

33.14  .9232 

3 

09  .0111.0111 

39.46 

1 

10  .0011.1100 

51.73  .7059 

3 

10  .0100.0110 

45.77 

1 

ll  .0000.1010 

45.19  .7336 

3 

11  .0111.0000 

43.37 

1 

12  .0011.1001 

40.16  .9211 

3 

12  .0100.0011 

36.93 

1 

13  .0010.1000 

47.03  .7500 

3 

13  .0101.0010 

43.31 

1 

14  .0001.1011 

39.40  .9243 

3 

14  .0 110.0001 

37.39 

1 

15  .0010.1101 

39.17  .9254 

3 

15  .0101.0111 

37.64 

1 

16  .0001.1110 

47.10  .7434 

3 

16  .0110.0100 

50.77 

2 

01  .1001.1101 

37.16  .9265 

4 

01  .1110.0111 

35.22 

2 

02  .1010.1110 

41.67  .7193 

4 

02  .1101.0100 

38.56 

2 

03  .1001.1000 

41.93  .7512 

4 

03  .1110.0010 

37.95 

2 

04  .1010.1011 

36.39  .9364 

4 

04  .1101.0001 

34.77 

2 

05  .1011.1010 

33.56  .7336 

4 

05  .1100.0000 

40.85 

2 

06  .1000.1001 

36.43  .9320 

4 

06  .1111.0011 

35.02 

2 

07  .1011.1111 

36.56  .9293 

4 

07  .1100.0101 

36.43 

2 

03  .1000.1100 

40.46  .7544 

4 

08  .1111.0000 

41.55 

2 

09  .1001.0010 

33.03  .7412 

4 

09  .1110.1000 

43.05 

2 

10  .1010.0001 

35.36  .9237 

4 

10  .1101.1011 

36.39 

2 

11  .1001.0111 

34.84  .9254 

4 

11  .1110.1101 

36.45 

2 

12  .1010.0100 

41.20  .7599 

4 

12  .1101.1110 

40.61 

2 

13  .1011.0101 

35.10  .9336 

4 

13  .1100.1111 

34.96 

2 

14  .1000.0110 

41.52  .7133 

4 

14  .1111.1100 

41.60 

2 

15  .1011.0000 

43.90  .7412 

4 

15  .1100.1010 

42.23 

2 

16  .1000.0011 

36.07  .9331 

4 

15  .1111.1001 

35.62 

INPUT  FILE  FOR  GENERATION  TIME 


/PROBLEM 

/INPUT 


/VARIABLE 

/DESIGN 


/SNO 


TITLE  IS  'THESIS'. 

VARIABLES  ARE  V. 

FORMAT  IS  ' ( 7X ,4F1 .0 , 1 < ,4Fi . 0 , 1 X, F5 . 2 ,6X) ' . 
UNIT  IS  I. 

NAMES  ARE  A . B , C , D , E , F , C , H , S  ENTt M . 

FORM  IS  '3G , {' . 

INCLUDED  ARE  1,2,3,4,5,6,7,8,12,13,14,15,15, 
23,24,25,28,27,23,  14, 3 5, 36, 37, 33, 45, 46, 47 
56,57,58,67,68,73. 


99 


.7149 
.9320 
.9156 
.7500 
.9139 
.7768 
.7  544 
.9276 
.9167 
.7511 
.7423 
.9293 
.7390 
.9331 
.9139 
.7221 
.9331 
.7325 
.73  46 
.9265 
.7467 
.9173 
.9331 
.7423 
.7270 
.9364 
.9293 
.7599 
.  9320 
.7357 
.7346 
.9173 


17,13, 

,43, 


ANALYSIS  OF  V A* LUCE  FOX  1-3T 
DEPENDENT  VARIABLE  -  OEM TIM 


SOURCE 

SUM  OP 
SQUARES 

OEGREES  OF 
FREEDOM 

MEAN 

SQUARE 

F 

TAIL 

PROS. 

MEAM 

104042.17043 

1 

104042.17043 

59503.32 

0.0000 

A 

373.65041 

1 

3/3.65041 

216.53 

.0000 

3 

.02039 

1 

.02039 

.01 

.9133 

c 

12.02975 

1 

12.02975 

6.33 

.0142 

D 

.26900 

l 

.26900 

.15 

.5930 

E 

10.11313 

1 

10.11313 

5.79 

.0233 

F 

2.79629 

1 

2.79629 

1.50 

.2163 

G 

6.47531 

1 

6.47531 

3.70 

.0649 

H 

774.11732 

1 

774.11732 

442.77 

0.0000 

A3 

2.72967 

1 

2.72967 

1.56 

.2222 

AC 

9.33613 

1 

9.33613 

3.34 

.0237 

3C 

1.39533 

1 

1.39538 

1.03 

.3070 

AO 

3.03553 

1 

3.03553 

4 .60 

.0412 

BO 

.69305 

1 

.69305 

.40 

.5342 

CO 

.03499 

1 

.03499 

.02 

.3386 

AE 

.64135 

1 

.64135 

.37 

.5493 

BE 

.42491 

1 

.42491 

.24 

.5260 

CE 

1.09357 

1 

1.09357 

.63 

.4359 

OS 

1.37245 

1 

1.37245 

.73 

.3334 

AF 

5.98473 

1 

5.93473 

3.42 

.0753 

BF 

.20365 

1 

.20365 

.12 

.7355 

CF 

2.00677 

1 

2.00577 

1.15 

.2935 

DF 

2.27440 

1 

2.27440 

1.30 

.2641 

CF 

.34771 

1 

.34771 

.43 

.4922 

AG 

1.67575 

1 

1.67575 

.96 

.3363 

8G 

.32533 

1 

.32633 

.19 

.6639 

C3 

4.15399 

l 

4.16399 

2.33 

.1344 

OG 

.40235 

1 

.40235 

.23 

.6351 

EG 

.10106 

l 

.10106 

.06 

.3113 

FG 

.00004 

1 

.00004 

.00 

.9961 

AH 

73.94154 

1 

73.94154 

45.15 

.0000 

3d 

L. 73 503 

l 

1.73303 

1.02 

.3213 

CH 

1.13677 

1 

1.13677 

.65 

.4271 

OH 

.69345 

1 

.59345 

.40 

.5341 

EH 

.00231 

l 

.00231 

.00 

.9713 

Fd 

.01335 

1 

.01336 

.01 

.9310 

INPUT  FILE  FOR  AVAILABILITY 


/PROBLEM  TITLE  13  'TRESIS'. 

/ INPUT  VARIABLES  ARE  9. 

FORMAT  IS  '(7X,4F1.0,1X,4F1.0,7<,F5.4)'. 

UNIT  IS  1. 

/VARIA3LE  NAMES  ARE  A,3,C,0,Z,F,C,R, AVAIL. 

/DSSIUN  FORM  IS  '33, Y' . 

INCLUDED  ARE  1,2,3,4,5,6,7,3,12,13,14,15,15,17,13, 
23 ,24 ,25 ,26 ,27 ,23 ,34,35,36 ,37 ,33 ,45,46 ,47 ,43 , 
5o,57,53,67,63,73. 


ANALYSIS  OF  VARIANCE  FOR  1-ST 
DEPENDENT  VARIABLE  -  AVAIL 


SOURCE 

SUM  OF 
SQUARES 

DEGREES  OF 
FREEDOM 

MEAN 

SQUARE 

F 

TAIL 

PROB. 

MEAN 

43.54355 

1 

43.54355 

291045.12 

0.0000 

A 

.00009 

1 

.00009 

.60 

.  4440 

B 

.00000 

1 

.00000 

.00 

.9o7J 

C 

.00050 

1 

.00050 

3.33 

.0790 

D 

.00053 

1 

.00053 

3.57 

.0693 

z 

.00000 

1 

.00000 

.02 

.9005 

F 

.00003 

1 

.00003 

.21 

.6526 

G 

.00007 

1 

.00007 

.30 

.4370 

4 

.53491 

l 

.53491 

3574.92 

0.0000 

AB 

.00004 

1 

.00004 

.23 

.6026 

AC 

.00009 

l 

.00009 

.37 

.4569 

BC 

.00006 

1 

.00005 

.42 

.5224 

AO 

.00063 

l 

.00063 

4.21 

.0499 

30 

.00004 

1 

.00004 

.24 

.6293 

CO 

.00030 

1 

.00030 

2.03 

.1655 

AE 

.00000 

1 

.00000 

.00 

.9910 

BE 

.00016 

l 

.00015 

1.07 

.3092 

CS 

.00015 

1 

.00015 

1.02 

.3220 

OS 

.00000 

1 

.00000 

.00 

.9732 

AF 

.00003 

1 

.00003 

.55 

.4643 

3F 

.00015 

l 

.00015 

.97 

.3)22 

CF 

.00002 

1 

.00002 

.13 

.7223 

DF 

.00004 

1 

.00004 

.25 

.5215 

EF 

.00011 

1 

.00011 

.72 

.4022 

A3 

.00007 

1 

.00007 

.49 

.4399 

33 

.00046 

l 

.00045 

3.06 

.0917 

C3 

.00011 

l 

.00011 

.71 

.4067 

D3 

.00007 

1 

.00007 

.45 

.5033 

.00012 

l 

.00012 

.79 

.3313 

r  G 

.00025 

1 

.00025 

1.66 

.2031 

AN 

.00027 

1 

.00027 

1.33 

.1369 

BR 

.00010 

1 

.00010 

.70 

.4099 

CH 

.00)14 

l 

.00)14 

.94 

.  3406 

OR 

.00006 

l 

.00006 

.  4 1 

.  52  93 

ER 

.00000 

l 

. 00000 

.00 

.9319 

101 


HS 


FH  .00303  1 
34  .00015  1 
£4404  .00404  27 


.33000 

.00316 

.30015 


.02  .$902 

1.05  .5151 


r i is  is  roe  input  data,  the  spss  input  program,  the  scattergram  input 

PROGRAM,  AND  THE  RELEVANT  OUTPUT  FOR  THE  REGRESSION. 


.01 

8.  1.  257.  1.00 

2.5 

1.9 

4350.0 

36.23  .9331 

$.  1.  257.  1 .00 

2.5 

l  .0 

2480.0 

39.37  .3465 

3.  1.  257.  1.00 

3.0 

2.0 

2480.0 

43.24  .3377 

$.  2.  257.  1.00 

3.5 

1.5 

2480.0 

44.31  .3537 

3.  2.  504.  1.50 

2 . 5 

2.0 

2430.0 

43.36  .3542 

3.  2.  504.  1.50 

3.0 

1.5 

2480.0 

46.03  .3356 

10.  1.  257.  1.20 

2.5 

1.0 

1302.0 

40.32  .3103 

10.  1.  257.  1.20 

3.0 

2.0 

1302. 0 

38.96  .3125 

13.  2.  257.  1.30 

3.5 

1.5 

1302.0 

43.33  .3037 

10.  2.  504.  1.00 

2.5 

2.0 

i302 . 0 

40.62  .7544 

13.  2.  504.  1.33 

3.0 

1.5 

1302.0 

42.92  .7577 

12.  1.  750.  1.00 

2 . 5 

1.0 

2178.0 

41.37  .3102 

12.  1.  750.  1.00 

3.0 

2.0 

2173.0 

41.13  .3194 

12.  2.  750.  1.00 

3.5 

1 . 5 

2178.0 

47.01  .3361 

12.  2.  504.  1.50 

2.5 

2.0 

2173.0 

39.33  .3432 

12.  2.  504.  1.30 

3.0 

1.5 

2178.0 

41.62  ,3257 

.02 

8.  1.  257.  1.30 

3.0 

2.0 

4350.0 

36.75  .9342 

.33 

3.  1.  257.  1.00 

3.5 

l .  5 

4350.0 

40.59  .9232 

.04 

3.  1.  504.  1. 00 

2.5 

2.0 

4350.0 

37.60  .9309 

.05 

3.  1.  504.  1.50 

3.0 

1.5 

4353.0 

37.91  .9320 

.06 

8.  2.  504.  1.50 

3 . 5 

1.0 

4350.0 

39.35  .9134 

.07 

8.  2.  504.  1.50 

4.0 

1.5 

4350.0 

41.11  .9173 

.08 

8.  2.  1008.  1.50 

2.5 

2.0 

4350.0 

43.42  .9200 

.09 

3.  2.  1003.  1.25 

3.0 

2.5 

4350.0 

42.05  .9243 

.10 

3.  2.  1008.  1.25 

3 . 5 

3.0 

4350.0 

43.23  .9276 

.11 

3.  2.  750.  1.25 

2.5 

2.0 

4350.0 

43.39  .9375 

.01 

$.1.  504.  1.00 

2.5 

1.0 

3363.0 

35.05  .3991 

.02 

8.  1.  504.  1.00 

3.0 

2.0 

3365.0 

35.23  .9046 

.03 

3.  1.  504.  L. 00 

3.5 

1.5 

3366.0 

37.32  .9221 

.04 

8.  1.  237.  1.00 

2.5 

2.0 

3366.0 

39.59  .9101 

.05 

3.  2.  257.  1.00 

3.0 

1.5 

3366 . 0 

42.12  .9243 

.06 

3.  2.  257.  1.50 

3.5 

1.0 

3365 . 0 

40.32  .9275 

.07 

3.  2.  257.  1.50 

4.0 

1.5 

3356 .0 

42.57  .9254 

.03 

3.  2.  1003.  1.50 

2 . 5 

2.0 

3356.0 

33.23  .3904 

.09 

3.  2.  1003.  1.50 

3.0 

2.5 

3366.9 

42.33  .3393 

.10 

3.  2.  1008.  1.00 

1.5 

3.0 

3366.0 

42.13  .3953 

.11 

3.  2.  1008.  1.00 

2.5 

2.0 

3366.0 

41.95  .3930 

.01 

8.  1.  1008.  1.50 

2.5 

1.0 

3270.0 

42.74  .3914 

.02 

8.  1.  1003.  1.50 

3.0 

2.0 

3270.0 

41.61  .9002 

.03 

3.  1.  1003.  1.00 

3.5 

1.5 

3270.0 

45.30  .3371 

.04 

3.  1.  504.  1.00 

2.5 

2.0 

3270.0 

37.36  .3933 

.05 

3.  2.  504.  1.30 

3.0 

1.5 

3270.0 

39.43  .3904 

.35 

3.  2.  304.  1.50 

3.5 

1.0 

3270.0 

41.71  .9013 

.07 

3.  2.  504.  1.50 

4.0 

1.5 

3270.0 

43.22  .8914 

.03 

3.  2.  237.  1.50 

2.5 

2.0 

3270.0 

42.03  .9123 

.10  3. 

2. 

257 

.11  3. 

2., 

257 

.01  3. 

1. 

257 

.02  3. 

1. 

257 

.03  3. 

1. 

257 

.04  3. 

1. 

504 

.03  3. 

1. 

504 

.06  3. 

1. 

504 

.07  3. 

2. 

504 

.03  3. 

2. 

1003 

.09  3. 

2. 

1003 

.10  3. 

2. 

1008 

.11  3. 

2. 

1003 

.01  3. 

2. 

257 

.02  8. 

2. 

257 

.03  3. 

2. 

257 

.04  8. 

2. 

504 

.03  8. 

1. 

504 

.06  3. 

L. 

504 

.07  3. 

1. 

504 

.03  3. 

1. 

1008 

.09  3. 

1. 

1003 

.10  3. 

1. 

1003 

.11  3. 

1. 

1008 

.0110. 

2. 

257 

.0210. 

2. 

257 

.0310. 

2. 

257 

.0410. 

2. 

504 

.0310. 

2. 

504 

.0610. 

1. 

504 

.0710. 

1. 

504 

.0310. 

1. 

1003 

.0910. 

1. 

1008 

.1010. 

1. 

1003 

.1110. 

1. 

750 

.QUO. 

2. 

504 

.0210. 

2. 

504 

.0310. 

2. 

504 

.0410. 

2. 

257 

.0510. 

1. 

257 

.0610. 

1. 

257 

.0710. 

1. 

750 

.0310. 

1. 

1003 

.0910. 

1. 

1003 

.101). 

1. 

1003 

.1110. 

1. 

1003 

.0110. 

2. 

1003 

.0210. 

2. 

1003 

.0310. 

2. 

1003 

.0410. 

2. 

504 

.0510. 

1. 

504 

.0610. 

1. 

504 

.0710. 

1. 

7  50 

1.25 

3.5 

3.0 

3270.0 

42.17  .9024 

1.25 

4.0 

1.5 

3270.0 

45.99  .9090 

1.00 

2.5 

1.0 

2527.0 

39.74  .3596 

1.00 

3.0 

2.0 

2527.0 

40.02  .3717 

1.00 

3.5 

1.5 

2527.0 

43.64  .3454 

1.00 

2.5 

2.0 

2527.0 

42.39  .3235 

1.50 

3.0 

1.5 

2527.0 

42.37  .3224 

1.50 

3.5 

1.0 

2527.0 

41.42  .3564 

1.50 

4.0 

1.5 

2527.0 

50.17  .3553 

1.50 

2.5 

2.0 

2527.0 

47.23  .3202 

1.25 

3.0 

2.5 

2527.0 

47.39  .3136 

1.25 

3.5 

3.0 

2527.0 

50.54  .3231 

1.25 

2.5 

2.0 

2527.0 

47.32  .3311 

1.20 

2.5 

1.0 

1347.0 

46.73  .7583 

1.20 

3.0 

2.0 

1347.0 

43.04  .7533 

1.00 

3.5 

1 . 5 

1347.0 

47.19  .7500 

1.00 

2.5 

2.0 

1347.0 

43.43  .7390 

1.00 

3.0 

1.5 

1347.0 

42.72  .7292 

1.50 

3.5 

1.0 

1347.0 

49.93  .7193 

1.50 

4.0 

1.5 

1347.0 

45.94  .7379 

1.50 

2.5 

2.0 

1347.0 

49.17  .6696 

1.50 

3.0 

2.5 

1347.0 

50.01  .6613 

1.50 

3.5 

3.0 

1347.0 

51.69  .5741 

1.25 

3.0 

1.5 

1347.0 

47.41  .7143 

1.00 

2.5 

1.0 

4350.0 

35.53  .9237 

1.00 

3.0 

2.0 

4350.0 

37.35  .9293 

1.00 

3.5 

1.5 

4350.0 

37.52  .9112 

1.00 

2.5 

2.0 

4350.0 

36.29  .9287 

1.50 

3.0 

1.5 

4350.0 

33.21  .9276 

1.50 

3.5 

1.0 

4350.0 

37.00  .9254 

1.50 

4.0 

1.5 

4350.0 

37.60  .9243 

1.50 

2.5 

2.0 

4350.0 

37.99  .9173 

1.25 

3. O' 

2.5 

4350.0 

33.06  .9173 

1.25 

3.5 

3.0 

4350.0 

33.41  .9178 

1.25 

2.5 

2.0 

4350.0 

41.49  .9363 

1.00 

2.5 

1.0 

3366.0 

35.09  .9090 

1.00 

3.0 

2.0 

3366.0 

35.94  .9145 

1.00 

3.5 

1 . 5 

3366.0 

36.55  .9145 

1.00 

2.5 

2.0 

3366.0 

36.19  .9167 

1.00 

3.0 

1.5 

3366.0 

36.53  .9156 

1.50 

3.5 

1.0 

3866.0 

36.50  .9101 

1.50 

4.0 

1 . 5 

3366.0 

46.02  .3762 

1.50 

2.5 

2.0 

3366.9 

36.31  .3953 

1.50 

3.0 

2.5 

3366.0 

37.12  .3991 

1.00 

3.5 

3.0 

3356.0 

36.35  .3360 

1.00 

2.5 

2.0 

3366 .0 

34.95  .3959 

1.50 

2.5 

1.0 

3270.0 

41.04  .8360 

1.50 

3.0 

2.0 

3270.0 

41.67  .3333 

1.00 

3.5 

1.5 

3270.0 

43.14  .9057 

1.00 

2.5 

2.0 

3270.0 

36.96  .8914 

1.00 

3.0 

1.5 

3270.0 

33.23  .3772 

1.50 

3.5 

1.3 

3270.3 

37.77  .3393 

1.50 

4.0 

1 . 5 

3270.0 

43.13  .3735 

I 


.0010.  1.  257. 

1.50 

2.5 

2.0 

3273.0 

37.22  .9139 

.0910.  1.  257. 

1.25 

1.0 

2.5 

3270.3 

33.52  .3936 

.1010.  1.  257. 

1.25 

3.5 

3.3 

3270.0 

37.71  .9237 

.1110.  1.  257. 

1.25 

4.0 

1 . 5 

3270.0 

39.44  .8969 

.0110.  2.  1008. 

1.50 

2.5 

1 .0 

3270.0 

41.04  .3360 

.0210.  2.  1003. 

1.50 

3.0 

2.3 

3270.3 

41.67  .3333 

.0310.  2.  1003. 

1.00 

3.5 

1.5 

3270.0 

43.14  .9057 

.0410.  2.  304. 

1.00 

2.5 

2.3 

3270.0 

36.96  .3914 

.0510.  1.  504. 

1.00 

3.0 

1.5 

3273.0 

33.23  .3772 

.0610.  1.  504. 

l .  50 

3.5 

1.0 

3270.0 

37.77  .3393 

.0710.  1.  750. 

1.50 

4.0 

1.5 

3273.0 

48.13  .3735 

.0310.  L.  257. 

1.50 

2.5 

2.0 

3270.0 

37.22  .9139 

.0910.  1.  257. 

1.25 

3.0 

2.5 

3270.0 

33.62  .3936 

.1010.  1.  257. 

1.25 

3.5 

3.0 

3273.0 

37.71  .9237 

.1110.  1.  257. 

1.25 

4.0 

1 . 5 

3270.0 

39.44  .3969 

.0110.  1.  257. 

1.20 

2.5 

1.0 

1347.0 

39.69  .7473 

.0210.  L.  257. 

1.20 

3.0 

2.0 

1347.0 

41.57  .7231 

.3310.  1.  257. 

1.00 

3 . 5 

l .  5 

1347.0 

44.60  .7445 

.0410.  1.  504. 

1.00 

2.5 

2.0 

1347.0 

40.75  .7336 

.0510.  2.  504. 

1.03 

3.0 

1.5 

1347.0 

43.29  .7423 

.0610.  2.  504. 

1.50 

3.5 

1.3 

1347.0 

44.60  .7565 

.0710.  2.  504. 

1.50 

4.0 

1.5 

1347.0 

47.39  .7473 

.0310.  2.  1003. 

1.50 

2.5 

2.3 

1347.3 

51.93  .7377 

.0910.  2.  1003. 

1.50 

3.0 

2.5 

1347.0 

49.00  .7357 

.1010.  2.  1003. 

1.50 

3.5 

3.3 

1347.0 

44.53  .7204 

.1110.  2.  1003. 

1.25 

3.0 

1.5 

1347.0 

45.96  .7336 

.0112.  2.  257. 

1.00 

2.5 

1.3 

4350.0 

35.54  .9293 

.0212.  2.  257. 

1.00 

3.0 

2.3 

4350.0 

33.33  .9309 

.0312.  2.  257. 

1.00 

3.5 

1.5 

4350.0 

34.80  .9276 

.0412.  2.  504. 

1.00 

2.5 

2.3 

4350.0 

35.53  .9353 

.0512.  2.  504. 

1.50 

3.0 

1.5 

4350.0 

36.63  .9342 

.0612.  1.  504. 

1.50 

3.5 

1.0 

4350.3 

36.23  .9254 

.0712.  1.  504. 

1.50 

4.3. 

1.5 

4353.0 

37.20  .9254 

.0312.  1.  1003. 

1.50 

2.5 

2.9 

4350.0 

36.21  .9167 

.0912.  1.  1003. 

1.25 

3.0 

2.3 

4353.0 

38.30  .9101 

.1012.  1.  1003. 

1.25 

3.5 

3.3 

4350.0 

37.63  .9167 

.1112.  1 .  750. 

1.25 

2.5 

2.0 

4350.0 

33.83  .9421 

.0112.  1.  504. 

1.30 

2.5 

1.0 

3366.0 

34.36  .9063 

.0212.  1.  504. 

1.00 

3.0 

2.0 

3366.0 

35.16  .9063 

.0312.  1.  504. 

1.00 

3.5 

1.3 

3366.0 

34.15  .9211 

.0412.  1.  257. 

1.00 

2.5 

2.0 

3366.0 

34.95  .3991 

.0512.  2.  257. 

1.00 

3.0 

1 . 5 

3366.0 

35.35  .9173 

.0612.  2.  257. 

1.50 

3.5 

1.0 

3366 .0 

37.33  .9200 

.0712.  2.  257. 

1.50 

4.0 

1.5 

3366.0 

37.01  .9090 

.0312.  2.  1003. 

1.50 

2.5 

2.3 

3366 . 0 

37.30  .3953 

.0912.  2.  L003 . 

1.50 

3.0 

2.5 

3366.0 

39.55  .9032 

.1312.  2.  1008. 

1 . 00 

3 . 5 

3.0 

3365.0 

39.96  .3762 

.1112.  2.  1303. 

1.00 

2.5 

2.0 

1866.0 

39.07  .3737 

.3112.  2.  1003. 

1.50 

2.5 

1.0 

3273.3 

33.27  .9046 

.3212.  2.  1003. 

1.50 

3.0 

2.0 

3270.0 

39.73  .9013 

.0312.  2.  1003. 

1.00 

3.5 

1.5 

3273.3 

33.79  .3332 

.0412.  2.  504. 

l.  JO 

2.5 

2.0 

3270.0 

36.31  .3332 

.0512.  1.  504. 

1.00 

3.0 

L .  5 

3270.-3 

37.43  .3393 

.0612.  1.  504. 

1.50 

3.5 

1.0 

3273.3 

35.97  .3794 
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.0712. 
.0*12. 
.0912. 
.  1012. 
.1112. 
.0112. 
.0212. 
.0312. 
.0412. 
.0512. 
.0612. 
.0712. 
.0312. 
.0912. 
.1012. 
.1112. 
.0112. 
.0212. 
.0312. 
.0412. 
.0512. 
.0612. 
.0712. 
.0312. 
.0912. 
.1)12. 
.1112. 


7  30. 
257. 
257. 
257  . 
257. 
257. 
257. 
257  . 
504. 
504. 
504. 
504. 
1003. 
1003. 
1003. 
1003. 
257. 
257. 
257  . 
504 . 
504. 
504. 
504. 
1003. 
1003. 
1003. 
1003. 


1.50  4.0 
1.50  2.5 
1.25  3.0 
1.25  3.5 
1.25  4.0 
1.00  2.5 
1.00  3.0 
1.00  3.5 
1.00  2.3 
1.50  3.0 
1.50  3.5 
1.50  4.0 
1.50  2.5 
1.25  3.0 
1.25  3.5 
1.25  2.5 
1.20  2.5 
1.20  3.0 
1.00  1.5 
1.00  2.5 
1.00  3.0 
1.50  3.5 
1.50  4.0 
1.50  2.5 
1.50  3.0 
1.50  3.5 
1.25  3.0 


1.5  3270.0 
2.0  3270.0 

2.5  3270.0 
3.0  3270.0 

1.5  3270.0 
1.0  2527.0 
2.0  2527.0 
1.5  2527.0 
2.0  2527.0 
1.5  2527.0 
1.0  2527.0 

1.5  2527.0 
2.0  2327.0 

2.5  2527.0 
3.0  2527.0 
2.0  2527.0 
1.0  1347.0 
2.0  1347.0 

1.5  1347.0 
2.0  1347.0 
1.5  1347.0 
1.0  1347.0 

1.5  1347.0 
2.0  1347.3 

2.5  1347.0 
3.0  1347.0 

1.5  1347.0 


42.34 

36.47 

35.64 

37.13 
37.29 
37.43 
37.23 
37.52 

36.91 

39.13 
33.19 

40.96 

43.25 
43.01 

41.92 
40. o9 

39.25 
39.33 
40.12 

41.14 
42.67 

45.96 
42.17 

43.39 

46.39 
42.94 
44 . 76 


.3993 

.9139 

.9090 

.9090 

.3947 

.3305 

.8575 

.3596 

.3465 

.3443 

.3520 

.3542 

.3279 

.3377 

.3257 

.8377 
.7390 
.  7473 
.7314 
.7204 
.7171 
.7  599 
.7473 
.5941 
.j903 
.6645 
.6963 


RUM  MAMS 
VARIABLE  LIST 

IMP'JI  FORMAT 
H?Jf  MEDIJM 
■3  OF  CASES 
A £ CODE 
COMPOTE 
CO'IP'J  TF. 

OOMPU  i’S 
CJiPJTE 
COMP'J  TE 
COMPOTE 
COMPUTE 
ISGRESS IOM 


STATISTICS 
•J Pi  LOSS 
SCAfTCACUM 
REGRESS IOM 

s  r  a  r i s  r i cs 

OPiIO.lS 

ICAO  [MPU f  DATA 
f  £  ■)  t  SO 


MIS  IS  ME  SPSS  REGRESS  I OM  IMPUT  FILE 
CSAL  AM ALT SIS 

CASW,LEVSL, IMSPT, LOAD, MISL, COMP, MTBF,. GEM  TIM, AVAIL 
(4K,F3 .0 ,F3 .0 , F6.0 , F5.2 ,2( IX, F3 . 1 ) ,1A, F6 . I , Fo . 2 , F6 .4) 
CAADS  . 

UMKMOWM 
LEVEL( 1=3 ) 

INSP=547 . 5/IMSPf 
MT8F=MT3F/3760.0 
CVXlEVLsCAEV*LEVEL 
CVXIM3P=*0A£W* IMS? 

CWXMSL=>CR£V*MISL 
CW<ML’8F=CAEW*M  IBF 
LGMf BF=LG1 9( Mf 3F) 

V4RI  A8LE.S=CA£V, LEVEL, LOAD,*! IMF, GWXLSVL.CVX  MSP, 
CW<lSL,CCX3i3r,CE'ifIM/ 

A  EGRESS  I0S=3EM  TIM  VIM  CREW  TO  C'.Ki  f  8F/AESI0UALS 
ALL 

2,3,3,11,22 

AVAIL  VIM  LGMT3F 

VARl  A3LES=IM3?  ,LG‘1TBF ,  AVAIL/ 

REGRESSION  AVAIL  VIM  LG  "1 TBF  ,  IMS? /RESIDUAL  S 
ALL 

2,3,3,11,22 


RUN  MAMS  SCAT TERGRAM  Op  RESIDUALS 

VARIABLE  LIST  Y  ,  YrlA  T , RES  IDO AL 

INPUT  FORMAT  FIXED(  2oX,2FH.7,F15.7) 

N  OF  CASES  UNKNOWN 

SCATTERGRAM  RESIDUAL  WITH  YM  AT 

SCATTERGRAM  Y’lAr  WITH  RESIDUAL 

READ  INPUT  DATA 
FIN  ISO 


VARIABLE 

MEAN 

STANDARD  DEV 

cases 

CREW 

10.000) 

L  .63  7  5 

130 

LEV  EL 

2 . 5000 

.5014 

HO 

LOAD 

1.2473 

.2229 

HO 

iT3F 

.3471 

.1191 

HO 

CWXL’EVL 

25.0111 

5.5416 

130 

C'WXINS? 

12.321) 

6.7405 

130 

C  NX  'IS  L 

30.7500 

7.1323 

HO 

CWKMTBF 

3.4594 

1.3235 

HO 

GEN  TIM 

40.7539 

4.0660 

130 

MULTIPLE  R 

.3670 

ANOVA 

OF  SUM 

SQUARES 

MEAN  SQ. 

F 

R  SQUARE 

.7515 

REGRESSION 

3. 

2224.305 

273.033 

64 .  ">33 

STD  DEV 

2.0732 

RESIDUAL 

171. 

734.935 

4.293 

SIG.  .000 

A9J  R  SQUARE 

.7  400 

COEFF  OF  VARIABILITY 

5.1? 

cr 

VAR l ABLE 

B 

S.S.  B 

F 

SIG. 

BETA  ELASTICITY 

CREW 

-2.7)3 

.573 

23 .639 

.000 

-1.12273 

-.63393 

LOAD 

2.051 

.7  55 

7.36  3 

.007 

.11246 

.06230 

■li'BF 

■37.194 

3.200 

20.576 

.000 

-1.03935 

-.31677 

L  c  /  E  o 

-5.317 

1.945 

7.471 

.007 

-.6556o 

-.32612 

GWXINSP 

-.171 

.  .0  26 

43.551 

.000 

-.  23311 

-.05163 

CWXM5L 

.143 

.032 

20.195 

.  009 

.25075 

.  10734 

CWXMTBF 

1.629 

.30  7 

4.072 

.045 

.  53239 

.13370 

CWXLKVL 

.  377 

.193 

3.313 

.052 

.60579 

.23105 

CON  S  TA  N  T 

74.919 

5.974 

L 57. 300 

.000 

;oe?Ficir:<rs  and  confidence  intervals. 

VARIABLE  3  )5  PCT  C.l. 


CREW 

-2.7373 

-3.91)5 

-1.6572 

LOAD 

2 . 0  5 1) 

.  5591 

3.5436 

NC6F 

-57.1942 

-53.3793 

-21.0033 

LEVEL 

-5.3173 

-9.1569 

-  1  .  477  1 

CWXINS? 

-.1703 

-.2219 

-.1197 

C'WXMSL 

.  1429 

.0302 

.  20^7 

CW.XM  TbF 

l  .T294 

.0356 

3.223  3 

CWXL'EVL 

.  3763 

-.0039 

.  756  9 

CONSTANT 

74.9192 

•53.1279 

36.7105 

VARIA3LS 


MEAN 


STANDARD  DEV 


CASES 


INSP 

1.2372 

.6470 

130 

LGMT3F 

-.4916 

.1732 

130 

AVAIL 

.3593 

.0730 

130 

DEP.  VAR... 

AVAIL 

MULTIPLE  A 

.9744 

ANOV4 

DF  SUM 

SQUARES 

MEAN  SQ.  F 

R  SOU ARE 

.  9494 

REGRESSION 

2 . 

.906 

.453  1660.702 

STD  DEV 

.0165 

RESIDUAL 

177. 

.043 

.000  SIS.  .000 

AOJ  3  SQUARE 

.9433 

COEFP  OF  VARIABILITY 

1.9PCT 

VARIABLE 

B 

S.E.  3 

F 

SIS. 

BETA  ELASTICITY 

INS? 

.016 

.002 

66 . 203 

.000 

.13757  .02235 

LGMl’BF 

.395 

.007 

3247.372 

.000 

.96349  -.22534 

CONSTANT 

1.034 

.004 

56332.653 

0 

COEFFICIENTS  AND  CONFIDENCE  IN f ENVACS. 


VARIABLE 

I ISP 

LGMT8F 

CONSTANT 


3 

.0155 
.3943 
L .0342 


95  PCT 

.0113 

.3311 

1.0256 


.0193 

.4034 

1.0427 


Air  Force  Operational  Test  and  Evaluation  Canter  (AFDTEC/LGMW). 
Second  Draft  of  CSkL  Test  Plan,  Annex.  3:  Operational  Suitability, 
kirtland  AFB  OH,  1  June  1934. 
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